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TO THE RIGHT HONOURABLE, 


FRANCIS Lord Napits. 


Mr Loxp, 


It may be unuſual, that a perſon who hath 
not had the honour of your Lordſhip's acquaint- 
ance, ſhould, in this public manner, crave your 
protection, in his attempt to promote the know- 
ledge of that ſcience, whereby human life, which 


is liable to ſo many accidents, is yet, in ſome 


meaſure, reduced to rule. It flows, my Lord, 
from the reſpe& which I entertain for the memo- 
ry of your illuſtrious progenitor, John Napier, 


Baron of Merchiſton, in Scotland, whom I place 
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upon an equal footing with the moſt diſtinguiſh- 
ed charaCters of the ſeventeenth century, for his 
valuable invention of Logarithms, that I preſume 
toaſk your patronage in the publication of the 
following Treatiſe, and to profeſs myſelf, with all 


reſpect, 
My Lonp, 


Your Lordſhip's moſt obedient, 


And humble ſervant, 


DAVID WILKIE. 


PRE- 


THE PREFACE. 


SIMILAR to the ſatisfaction which the mind 
receives in the inveſtigation of geometrical pro- 
poſitions, is the pleaſure which we derive from 
the reſolution of queſtions in algebra, both on 
account of their ingenuity, certainty, and extenſive 
uſefulneſs. In the following Treatiſe, wherein 
ſo many algebraic theorems occur, it is propoſed 
to inveſtigate, from firſt principles, the rules 
adapted to one particular branch of ſcience, that 
of Intereſt, both ſimple and compound, with 
their application to Annuities of all deſcriptions ; 
hoping thereby, not only to afford pleaſure to the 
ſtudious, in the inveſtigation of the theorems, but 
advantage alſo to men of bulineſs, in the applica- 
tion of theſe to the affairs of property. 

The theorems, ſuch as — being the value of a 
perpetuity, are as beautiful as any which are to 
be met with in the other branches of ſcience ; and 
to render them the more intelligible, a demon- 


ſtration is ſubjoined where it is thought neceſ- _ 


ſary. The tables are accurate, and ſeveral of them 
new, ſuch as Table IV. VIII. and XI. of annui- 
ties on lives; the firſt expreſſing the amount of 
L. 1 annuity upon a ſingle life; in the conſtruc- 

tion 
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tion of which, the reaſon is diſcovered, why the 
value of a ſingle life is leſs, and its amount greater, 
than that correſponding to its expectation ; and 
the two laſt ſhewing the probabilities of life ad- 
apted to Scotland. 'The conſtruction of the tables 


is clearly pointed out; and, by three equations 


annexed to each, all their uſes are diſcovered at 
firſt fight. Several branches of education, con- 
nected with this ſcience, are treated of, ſuch as 
Arithmetical and Geometrical Progreſſions, the 
Extraction of the Square Root, Logarithms, the 
Arithmetic of Infinities, Fluxions, and the rule of 
Double Poſition, 


In this Treatiſe there are many things new, 
The application of geometry, for amuſement, to 
matters of intereſt, moſt of the remarks annexed 
to each ſubject, the bearer's loſs in diſcounting 


bills, ſeveral of the theorems, ſuch as P — — — , 


expreſſing the value of a ſingle life, a Tontine, and 
Inſurance from Fire, are all new. But what I 
chiefly value in this reſpect, are Prob. III. and 
XVIII. of Annuitics on Lives; the former diſco- 
vering the value, and the latter the expectation of 
the joint continuance, or of the longeſt liver of 
any number of lives, by methods which are both 


accurate, and ſave many pages of algebraic inve- 


ſtigation. As the queſtions in Annuities on Lives 
are various as the complections of men, I have, 
in 


PREFACE. ix 


n the courſe of twenty-two problems, delineated a 

great number of thoſe which are marked with the 
ſtrongeſt features. Particular attention hath been 
paid to the Widows Scheme in the Church of 
Scotland, wherein ſo many are intereſted ; and 
the account given of its conſtruction and opera- 
tion may enable Contributors to judge for them- 
ſelves, ſhould the affairs of the Fund ever come 
before them in a judicial capacity, 


In the conſtruction of the theorems of Intereſt 
and Annuities certain, I acknowledge myſelf 
much indebted to the labours of that able alge- 
braiſt Mr Nicolas Vilant, St Andrew's. Where- 
in I differ from others, as in the conſtruction of 
a widows ſcheme, in Prob. VIII. let the learned 
Judge for themſelves; and wherein I am defective, 
I crave their indulgence. But I hope it will not 
be reckoned a defect, that I have not expreſled the 
theorems in ſo many words, being perſuaded that 
an algebraic expreſſion is much more intelligible 

at firſt fight, than it can be made by any lan- 


guage. 


The ſcience of Annuities on Lives is yet in its 
infancy. Dr Halley was the firſt who conſtruc- 
ted a table of rhe Probabilities of Life : Moivre, . 
Dodſon, Webſter, and Price, theſe fathers of the 
ſcience, dropped only a few years ago. Thoſe then- 

b rems 
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rems of Mr De Moivre, which are built upon the 
principle, ( that the decrements of life are in a 
e conſtant ratio,” though beautiful in theory and 
eaſy in practice, are now exploded, becauſe they 
give the value of life too ſmall. In Scotland, we 
have no writer who treats methodically of Annui- 
ties; and Engliſh authors on theſe ſubjects are in 
very few hands: therefore, till a better appears, 
it is hoped that this Treatiſe, which has for its 
object a more perfect Syſtem of Intereſt and An- 
nuities than has hitherto appeared, will not be 
deemed an unneceſſary performance. 
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| The Signs which occur, without being ex- 
Plained in the body of the Work, are ſuch as 
theſe : | 


= The Sign of Equality. 


+ Addition. 
— Subtraction. 
* — Multiplication. 


— or a—b — Divifion; à divided by 6, 


a +b, The Sum of the two Quantities a and 6, 


ab, The Difference of the two Quantities 
a and 6. 


a:b::c:;d, Ratio; à is to b as c is to d. 
a, The Square Root of a. 
2 a, The n Root of a. 


a+, The Square of a-+6. 
R”, The u Power of R. 


= 1 divided by the ꝝ power of R. 


L. The Logarithm of a Quantity. 
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Of ARITHMETICAL PROGRESSION. 


* 


i. WHEN a ſeries of quantities, exceeding two 
in number, increaſes or decreaſes by the addi- 
tion or ſubtraction of one common difference, 
the terms of the ſeries are ſaid to be in continued 
arithmetical progreſſion. Thus, 


1, 2, 3, 4, 5» 6, 7, 8, 9, 10. an increaſing ſeries. 
10, 9, 8. 7, 6, 5, 4, 3, 25 1. a decreaſing ſeries. 


a, a+d, a Tad, a+34, a-Ad. . . 4 Lr X d=v. 


v, v—d, v— 2d, v za, U——4d .. vi X dra. 
| ru, av, av, a- -u, a- -V. av = og of 
2. If four quantities are thus proportional, the 


ſum of the extremes will be equal to the ſum of 
the means; Thus, 


Sum of the means. 


4, a-＋d, a--24, a+3d; then 2 a-3d = Fon of the extremes. 


3. If three quantities are thus proportional, the 
| A | r om 


; 6:03, 0 +20; then 2 a4-2d = Sum of the extremes. 


tremes will be equal to the ſum of any two terms 


by the number of terms, are equal to double the 


. Manifeſt that the two taken together, that is the 


greſſion, if any three of the five quantities, a, o, 
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ſum of the extremes is double of the mean; 
Thus, 


Double of the mean. 


4. Whatever be the number of terms in an 
arithmetical progreſſion, the ſum of the two ex- 


equidiſtant from theſe extremes. Thus, 1+10 
=5$5+6=3+86. 


5. In a ſeries of terms in arithmenica) progreſ- Mm 
ſion, let a, 

a = the firſt term. : 

v = the laſt term. a, 

n = the number of terms. _ 

da = the common difference. d, 


s = the ſum of the ſeries; then as d is found 
in all the terms except the firſt, its co-efficient in 
the laſt | term will be —1, 1 a+n—1 x d==v, n 
v—n— xd a, and j—ixd=a . 


6. In any number of terms in arithmetical 
progreſſion, the firſt and laſt terms, multiplied 


ſum of the whole ſeries; Thus in the two ſeries 
above (1) which are perfectly equivalent, it is 


double of any one of them, will be equal to the 


ſum of a ſeries of equals av, a+v &c. taken 
to n terms = au x1 2 5. 


7. Therefore, in a continued arithmetical pro- 


a, u, and , are ſuppoſed to be given, the remain- 
ing two may be found, as in the following table: 


Givens 


„ 1 [nd 


AND ANNUITIES. 


Given. 
— —yęV?᷑˙ꝛ — — — — 
% d n, NX UR Equation 1. 
a, d, Vs : 4 E. „ « 2. 
a, n, v, 4 SAT * 0 3. 
d. n, v. =nX = 3 4. 
a, d, n, v SCN Lo 
— 
a, d, 5, v N , e -i 6. 
a, n, Ss, i UVa — — 4. 7. 
d, N, 4, v ATI Al, £0 8, 
d, U, N, a= U— —-1 X d, . + . 7 9. 
d, n, & 2 - ii, 10. 
n, , J r 8 11. 
2 g 
8 „NN Ne 5 ; 


— — —_— 


in Equation iſt. Sought v in Equation 6, 
— N D N n= 25 
| | — 
X 2 Sec. 5. n T +1 
S TNA . 
= vi —a* dv + da=2ds 
N= v*+dv=aXa—d+ 2 
| v* + d v+;d* =aXa—d+dX 21+] 
=1Xa+d XxX | 
v+ id N= FIX: +4 
| Given. 


4A 2 


- 
7 
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| Given. i 5 
E — — — — —ů— 
PI EY n= + l,oo | Equation 13. 


- Err RR 


4 — . 1 5. 
d, oln=o+/vD,v,, 27 = 
3 85 , LV E+I+I=F+Þ +07 16. 
_vhaXv=a . 3 
a, v, 4, r 15. 
N 1 24 —2 4 
4, u, 8, d =. X 18. 
þ 3 534 : 
a, n, v, d= —— oe 19. 
N 
| 2 227 
n, v, , d= 1 2 
| © 2—1 
, | | Sought d in 17th. 
„ .. | 
[Fax — +1225 
2a-pdn—dx 2. | Led 8 
2 4 ＋ nt—dn= 2. 1 . 
524 nm = 22, 2c 
X40 7 * = = 2d1=d x wT4 
| > pg HERE {> Sought d i 
"+5 — r * 7 77 | e N 
8 n | 2a+z—IxdxXn=2s 
| Sought = in 16th. | 24 —1 x d n = 24 
2onm—dn—mdn' 2. | EYRE canes + 
EE | 
— + n—a = = | Sought din 20th. 
— 2v 4 Ty 24 2y—n—Ixdxa=2 
* 1 4 * * 22 — — — 
PP tha. 4 2 d 2 v 1——p—Ixdnt 2 
T 
3 725, ic. ix“ - 


1 


AND ANNUITIES. 5 


In the above table, the expreſſions belong to 
an increaſing progreſſion, and may be applied 
alſo to a decreaſing one, by making the quantities 
a and v change places every where, | 


* 
. 
1 
d CY 


| EXAMPLES. 


J, Sought, the ſum of the firſt hundred num- 
bers in their natural order. Here, a=1, #=100, 
v=100; by equation zd, a+v x4 = 101 x 50 
5050 = ſum ſought, | | 


24, Suppoſe a baſket and 500 apples were pla- 
ced in a ſtraight line, a yard diſtant from each 
other, it is required how far one muſt go before 
he brings them, one by one, into the baſket? 


Here, as the diſtance muſt be gone over twice in 


bringing each apple, a=2, d- 2, n=500; by e- 
quation Iſt, n KH Ad x = S500 x FOI 250500 
yards = 142 miles. 


34, A man had 12 children; the youngeſt was 
three years old, and the common difference of 
their ages was four years; What was the age of 
the eldeſt ? Here a=13, d==4, n=12. By equa- 
tion 5th, a + 1-1 x 4d = 34-44 = 47 years. 


8. When a number of terms in arithmetical 
progreſſion begins with a cypher, (o), which is 
the moſt regular ſeries, in this caſe, the ſum of 
the ſeries is equal to the laſt term multiplied by 
half the number of terms. For 2 o, and, equa- 

don 
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tion za, Sr = r | Thus 0, 5. he 3. os g = 3 
ene, i 


9. When a=2, and > 410 in this alk in 
equation iſt, n + n =a pronic number, 
which 1s produced by the addition of even num- 
bers in an arithmetical progreſſion, beginning at 
2; and the pronic root 2 = . 

2 


3 When a=1 and =, then n;. So that 
all ſquare numbers may be conſidered as ariſing 
from the addition of odd numbers in an arith- 
metical progreſſion. Thus. N 


Arithmetic l Progreſſion, 1 5, 7, % 15 TY . 
17, 19, &c. | 


Square Numbers, 1, 4, 9, 16, 25, 36, 49, 64, 
81, 100, &c. neh, OH 


Hence may be determined how many odd 
numbers muſt be added to produce a given power 
of that number, Let the given number be , the 
exponent of its power m, and the firſt term of 
the feries 2; then ſince 4=2, and the number of 
terms 7, hence r n X a + <1 and a 
——!. And thus it appears, how powers of all 
dimenſions may be obtained by ſumming up of 


odd numbers.-. Thus, ſnppoling- mz, and n= 
3» 4+ J, 6, &c. | 


| =.7+ 9+ Lf 
4' = 13+ 15 +17 +19. 
= 21 +23 ＋ 25 + 27 + 29. 
=g31+33+35 +37 +39 +4 _ 
- CHAP, 


AND ANNUITIES. + 


I. 


Of SIMPLE INTEREST. 


11. WHEN a ſum of money is lent upon in- 
tereſt, and that intereſt is either kept in the bor- 
rower's hands, or is paid regularly, without be- 


coming a part of the principal, it is then ſaid to 
bear ſimple intereſt. | 

The intereſt of money was formerly very high; 
but- by an act of parliament, made in 12th Queen 
Anne, it is now reduced to, or it muſt not ex- 


ceed, 5 per cent. per annum. 


As the intereſt of 


L. 1 for one year is ſo neceſſary in computations 
both of ſimple and compound intereſt, it may be 
found, for any rate of intereſt' per cent, by the 
following proportions : 


As 100: 


| 


3 


3˙5 


| 
4 


03 


Intereſt of L. 1 for one year at 


3 


3F 


I 2, 


* THEORY OF INTEREST; 
12. In ſimple intereſt, let 


& repreſent any princi ipal lent out upon inte- 
re 
„ch intereſt of L. 1 for one year. 
1. the time. | 
d, —— —— any number of days. 
. the intereſt, and 
— ——— the amount of principal and in- 
tereſt. 


1 


Then, , 2s; 37, Ar. . . tr, will be the in- 
tereſt of L. 1 for 1, 2, 3, 4, - -. times; but 1: 
r: : p: ip Di, the intereſt of þ for : times at 


| the rate 7; and 5 = intereſt of 5 for 4 days at 
the rate 1. Hence the following 


BL, TABLE. 
Given. | 7 | 
i ,. r, Þ i=trp=Lor£ &.... Equation 1. 
| 20 35 

: 4 a « 4 
| 2, F, F, Pp == * 4 : 2. 
i 7, P, g 8 A 3 
| | f ü . 
7, t, 7 I = * 4 6 4. 

3 85 drp y | 

| d, rs 75 | z _ 365 53 % 3.5 


. 
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- 
2 ** 


. —_-v -_— 


= Toy = —_ . , 22 898989 % 06 
. 
$5. 2 0 4 4 / ; . 4 ; 
4+ ©: „ — 4 © n , E 1 . I 
”- N * ” # 
. 
* 


1/, Sought, the intereſt of L. 356 lent for 12 
years, at the rate of 4+ per cent. per annum. 
Here tr þ = 350 x,54 = * L. 192, 4* | 
9x d. = intereſt. ** 1 | 


24, Sought, the principal wy intereſt will a- 
mount to L. 145 in the ſpace of 9g years, at the 


rate of « per cent. Here * = L. 322, 48. 
52 d. = principal. | 


3d, Sought; che time in which L. 567, 10s. 
will produce L. 306, 4 of intereſt, at the rate 


of 6 per cent. Here - ei 2 = 9, the years 
required. 155 


4th, Sought, the intereſt of I. 378, 148. for 
the ſpace of 127 days, at 5 per cent. Here 357 


— 575 2 I. 6: 11: hes _ required, 
I 3. Adain; the en of any principal þ, be- 

ing manifeſtly in the compound ratio of p the 

principal, 7 the time, and 7 the rate; it will be, 


as above, 4p; to which adding p, we ſhall have 


s, the amount of principal and intereſt = p'+ 
Fa? = . * _ 3 Tg the APY table, 


"RE 


RB | Given. 
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} Given. 
Pa ts 7, s =p +tirp= IFir xp... Equation 1. 
| 8 es | 
4% F, 1 {ig 6... hind a | | 2. 
| EY r, Pr | . «a | | 3. 
| ; Re” 8 5 #1 3 
8 SE 4. 
EXAMPLES. 


J, Sought, the amount of L. 156, lent for 12 
years, at the rate of 45 per cent. Here ir x þ 
= 1.54 x 156 = 240.24 = L. 240: 4: 94d = 


24, Sought, the principal which will amount 
to L. 873, 19s. in 9 years, at 6 per cent. Here 


1 L 
Ir 1.54 | 


3a, Sought, the time in which L. 600, 14s. 


will amount to L.871.015, at the rate of 4+ per 


— _._ 270-315: 
cent. Here = EEE = 10 years. 

14. If the principal or intereſt conſiſts. of 
pounds, ſhillings, and pence, theſe parts of a 
pound may be thrown into a decimal fraction, 

aud 


6 


—— 


. AS a. a om at 


567, 108, the principal 
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and the intereſt or amount will be found as a- 
bove. There is an eaſy method of converting the 
decimals of a pound into ſhillings and pence, viz. 
double the firſt decimal on the left hand, calling 
it ſo many ſhillings,” to which add 1, if the 2d 
decimal exceeds 5; prefix the remainder above 5, 
in the 2d place of decimals, to the decimal in the 
zd place, calling them ſo many farthings, and 
ſubtra& 1 at- or above 25, and 2 at or above 47, 
and vice verſa. Thus, L. . 7856 = 158. 84d. 
and 118, 6 d. = L. 578. 3 


15. If the time ? conſiſts of years, months, and 
days, or of days only, their number may be 
collected from the following table, ſhewing the 
number of days from the 1ſt, ioth, 2oth, &c. of 
one month, to the 1ſt, 1oth, 2oth, &c. of any 
other month ; where the months on the left hand 
column are the former dates, and thoſe at the 
top are the latter. Thus, from 1ſt of July to 
iſt of April following, are 274 days; and from 
20th of March to 1oth of Auguſt, are 153—-10 = 
143 days, 0 89 


B 2 TABLE, 
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| 1101 4 In ene . ein 4 
_— 9 a + +4 1 1 8 


K. 


my 4&7 Uo; 11107 186193 LET 24 * 

„ 11 „1 ba ct Ke, f 1 A ns ot 
A. Jan. Feb. u are 22 2 ee 1 
r . | . ye . eee e ERR os . 
Jas, 365 3x Þ 59 90 [20 x57 181 212 243/73 304334 31 
Feb." 333 365 28 59 89 120160 181 212 14 27/303 * 
I "MTTt Wh re 

** March. 306 337 365 31 61- 92 122 152 184 | 214 | 245 | 275 | 


April. |275 | 306 |334|365 | 30 | 61 | 91-|122 [153183 (214 [244 


o 2 
— 2 : quantum. | tt. 14s 
SL 0 * 


May. 245 276304335 | 365 | 31 | 61 | 92 123753184214 


June. [234245 [275 | 304, 334365 30 63 | 92 | x43 [153 [383 
Fly. 184 2x5 | 243 [2741 304 | 335)\1365 | 31 | 62 92123183 


| From 1ſt, &c. of. 
| 


——— . 1 273304334365 32 | 6x | 92 [122 
212 [242 [273 | 303|334| 363] 30 6r | gr | 
2 — — —— | 


08. 2 2 151182212 243 273304 333653761 


Nov. r 92 | J2O | IST | X81, 214242273 304 | 334 |365 | 30 | 


. : X: _- 2 #4047 % 5 
— — — — — — — 


I Dec. 3 17 62 LAT 421151 182 212 243 | 214 | 304| 33863664 


rat 2 — 2 30 31 30 1 30 * : 


PR p , wo F . . # 11 
— — 218 * # © * S 1 . N 


16. Thele * Ay 8 thrown into „ deci- 
mals of a year by the following Table. 


Decimals Days. Decimals. Days. Decimals. 


0027397 80219178 60 1643835 
0054794 . 9 024657570 1917808 
082192 10 .0273972 | 80 | 2191780 
.o109589 | 20 | .0547945 | 90 | 1465753 
036986] 30 | ©821918 | 100 | .2739726 
0164383 40 | .1095890 | 200 | .5479452 
0191780 | 50 J. 1369863 | 300 [8219178 


Kn 


Thus it is required to expreſs 143 days in the de- 
cimal fraction of a year. 


100 


e 
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100 = 
40 . 1095890 


— 


egg 


11 


2739726 


143 391 7808 of a year | 


. 8 che intereſt of L. 356, 128. for 


p years: and 143 1e at five per cent. A an- 
num. Here | 
trþ= 3-41178 o 65 7. 16: 1 


17. The intereſt of any ſum of money, for an 
number of years, at a given rate, may be collect- 
ed from the following table, calculated for the 


:=lIntereſt. 


nine digits, at ſeveral rates of ſimple intereſt. 


TABLE. 
trp for years. | | 
tp j pr cent 34 pr centſa pr cent 57 cent pr cent 6 pr cent 
— , — 2 — 
1 | .oz 5 | .o4=]ioq5 | os o 
2 | .06 [0 |..08 | .og | .to | .12 
\ 3{-99. | 105 |-12 | .135 | .15. | 8 
| 4|].12 | .i4 | -i6 [+18 | .20 [24 
5 | .Is | .175. | .20 225 25 30 
6 18 a 4 «+21 24 27 30 36 
7 | 21 245 | 28 315 f. 35 42 
8 +24 «28 32 | +36 | +49 .| +42 
ol.27 |.zig 1.36 | .qog 4 |:54 


In this table, the decimals, for inſtance, cor- 
reſponding to 9 expreſs the intereſt of L.g for 1 
year, or of L. 1 for 9 years, or of þ for 7 years, 
| whatever 


\ 


14 THEORY Or INTEREST, 
whatever theſe be; provided their product pq, 


at a given rate. Of conſequence the intereſt co- 
lums are equal to #rþ, while the marginal one 
correſponds to 5. And it is evident that the 
tabular numbers will not only anſwer for units, 
but alſo for tens, hundreds, or thouſands, by re- 
moving the decimal point one, two, or three pla- 
ces to the right hand. Hence, in uſing this ta- 
ble, multiply the principal by the number of 
years in queſtion, and take out the decimals cor- 
reſponding to their product; theſe being properly 
pointed and added together will expreſs the inte- 
reſt required. 

Ex. Required the intereſt of L. 348, 12 8. for 
12 years, at four per cent. per annum. Here 


346: 6x12=4183.2. 


By the Table. 
4000 = 160.0 
100 40 
80 = 3.2 
4: ==” 00 
«2 == . 


L. 167: : 6:64 = 367. 328 = = Intereſt, 


If the given rate be not in the table, the inte- 
reſt may be found by reduction. 

18. The intereſt of any ſum of money, for any 
tiumber of days or months, at a given rate, may 
be collected from the following table, calculated 
for the 9 digits, at ſeveral rates of ſimple 1 inte- 


reſt. 
TABLE, 


11 „ 


1 


DDr 
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TABLE. 


77 | =} for Momhs, © 
1 for Days. 15 | — for Months 


w 


4 per cent. 41 per cent. | 5 per cent. 4 pr centſa i; p. cent 5 pr cent. 


— — — 


dp 

t | .oo010959 |.00012328|.000136986 0033 .00375|.00416 
2 | .00021918 . 0024657. 000273972 | · oog. oo) 50. 0833 
3 | 0032876 | .co036986|.0004 10958 | .oloof.oni2g 01250 
4 | .00043835 | .00049315 |.00054794 | OI 3F],015001.01666] 
5 | .00054794 |.00001643 |.o00068493 | .o10p].01875 D 
6 
7 
8 
2 


.00065753 . 007 3972. 0821918 | .o200[.02250 «£2500, 
.0c076712 .,00086301|.cooyg890 | 0233].02025|.02916 
.00087671 | .ooog8629| .0010959 .0268|.03<09}.0333z 


.oo898630 .cotiog581.00123287 i .c3001.033751.03750 


In this table alſo, the decimals, for inſtance, 
correſponding to 6, expreſs the intereſt of L. 6 for 
1 day, at a given rate, or of L. 1 for b days, or of 


þ for d days, whatever theſe be, provided their 


product ap. Of confequence the intereſt-co- 
lumns are equal to XL: while the marginal one 


correſponds to 4p. The fame of months. In 
computing intereſt by days, which is more uſual 
than by months, the year is always ſuppoſed to 
conſiſt of 365 days; the 29th of February, in leap 
years, not being taken into the account. Alſo the 
day computed from is not reckoned, but the day 
computed to is: and in diſcharging bills, three 
days of grace are allowed the acceptor to make 
payment. | 


. 


In uſing the above table, multiply the princi- 
pal by the number of days or months in queſtion, 
and take out che decimals correſponding to their 

| product; 
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product; theſe being properly pointed and added 
together will expreſs the intereſt required. 


Ex. Required the intereſt of L. 504 for 238 
days, at 45 per cent. per annum, Here 564 38= 


= 134232. 


= By the Table. 
100000. = 12.3287 
- 30000 = 3.6986 
4000 49315 ; 
200 =| ',a2465 _ 
30 = . ,o0369 
-99024. . 


lowing table. 


TABLE. 


2 — 


A 


up, for Days. 


8 
48219178 


013698630 
016438356 
019178082 
021917808 


4 Soares 


0064794 52 


10959904 


enn 


L. 16, . 26. 54903 = Intereſt ſought. 


If the given rate be not in the table, the inte- 
redſt may be found by reduction; or by the fol- 


19. The ideen of any ſum of money, for any 
number of days, and at any given rate, may be 
collected from the 3 — p* 


In this table, the digits in the 
firſt column are the products 


arp; ; and the decimals are the 


quotie..ts of theſe products di- 
vided by 365, and, of conſe- 
quence, are the intereſt of þ for 
d days, and at the rate r, what- 
ever theſe factors be. There- 


fore to find the intereſt of any 
0240657534 


ſum of money by the table, 
multiply 


TY % 


"4 


Rr 
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| multiply the principal, the number of days, and 


the rate of L. 1 per annum, into one ſum, and 
from the table take out the intereſt correſponding 


to their product, 


Ex. Required the intereſt of L. 342, 15s. for 
260 days, at 5 per cent. Here 342. PE TIRES? 05 


As- 75 


F. 


By the Table. | 


4000 == 10.9589 
400 : - == - 1.00589 
50 = 13698 

3 _ W 04209” 
7 = .oong2 
»05 —= 000137 


—_— 


L. 12: 4:2 = 12.207517 = Intereſt. 


20, Or the intereſt of any ſum of money, for 
any number of days, at 950 per cent. may be diſ- 
covered by the following proportion: 

100365: S πο: £=, Hence the following 
equations, 


£<=Intereſt of þ for d days, | 
2d, Antereſt of p for 100 days, 3 
cent. 
3d, - 7; ntereſt of L. 100 for d days, 


4th, When t, 2, 3, &c. then *:—intereſt 
of p for 73x1, 2, 3 &c. days. 

Ex. Iſt. Suppoſe p=L. 564, and 4 238 days; 
then 2£—1324232— 18.388 L. 18 7: 9, the in- 
tereſt. Fen £3 

— C 22 Ex. 2d, 


— — 5 — 
— — — 


4 
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Ex. ad, Suppoſe p=L. 342.75, and d=260 days 
Nen, | 


9.3904=Int. for 200 days. 


„„ * 


12,20752=Intereſt required. 


Ex. 3d, Suppoſe p=L. 448, and 4=236 days; 
then, 5 5 
£=25=3.23287=Intereſt of L. 100. 
2 


12.93148 | 
= 1.29314 
B 


14.4825 = Intereſt of L. 448. 


Of Rebate or Diſcount. 


21. To find þ, the preſent value of any ſum , 


due at any time 7, and at any rate of intereſt v. 


Here (13, Eq. 2.) ;5;,=p the preſent value of s, and 
s—p=diſcount. _ | 

Ex. What ready money will pay a bill of 
L. 682, 18s. due 3 years and 9 months hence, 
diſcounting intereſt at the rate of 5 per cent. 


Here © = £22 = 575.07 = p, and 682.9— 


1=þtr . © & Miruons ; 
575. o = L. 107: 16: 74 the diſcount. If the 
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time be days, they may be thrown' into the deci- 
mals of a year by a former table (16.) and then 
you may proceed as above. | 

Ex. What is the preſent value of a bill of L. 285, 
10s. due 95 days hence, diſcounting intereſt at 5 
per cent. 


! 285.5 


95 =.26 = ——— 
| 05 =r | ore 4 


[ 


1.01 tr. 285. 5—28 1.841=3.66=diſcount. 


Or thus, ſeeing Z=intereſt of L 100 for d days at 
5 per cent. (20); hence, in the laſt example, 
2£=1.3=Intereſt of L. 100 for 95 days; 
then 101.3: 1.3: : 1 opp 
3.6 


281. 84=preſent value. 


But as the diſcounting bills in this manner 
is no better than lending money upon intereſt, 
bankers, and others who keep money for the pur- 
poſe of diſcounting bills, conſider the ſum to be 
paid in the bill as a principal, find the intereſt 
thereof for the time to run, adding thereto 
three days of grace, and deducting the intereſt ſo 
found from the content of the bill, they pay the 
balance to hun for whom the difcount is made : 
ſome, likewiſe, for their trouble, charge 4 or + 
per cent. commiſſion, which, before deduction, is 
added to the intereſt. | 

Ex. A bill is preſented the 5th of May for diſ- 
count, of L. 350, 16s. payable 27th of July; 
how much money does the bearer receive, after 

C 2 deduction 


i THEORY OF INTEREST, 
deduction of intereſt and 3 per cent. commiſſion 


Here p=350.8, d=83+ 31 hence | | te 
352:8x86 4 133 Intereſt. | tl 
* IS U 
877 S Commiſſion. s 

5. oio Sum to be deducted. 
Hence L. 345.790 paid the bearer of the bill. : 


But the true diſcount being preciſely equal to 
the intereſt of the preſent value of the bill for the 
time to run, as calculated in a former example, it 
is evident that the bearer is a conſiderable loſer by 
this tranſaction ; and it will be found, that, call- 
ing the intereſt of the bill its diſcount, the bearer 
thereof loſes exactly, beſides commiſſion, the in- 
tereſt of its true diſcount for the time to run. 
For calling d the true diſcount found by 1 3. Equa- 
tion 2. then ſeeing s5=d-+p. 

[=(intereſt of s=) intereſt of a+p, for the time 
of diſcount ; but 4=intereſt of p for the ſaid 
time: hence i-, (the bearer's loſs when 7 is the 
diſcount)=Intercſt of A for the time of diſcount. 

Ex. A bill of L. 210 payable a twelvemonth 
hence is preſented to be diſcounted ; required the 
bearer's loſs in this tranſaction : | 

L. 10 10 the intereſt of the bill, 
10 oo the true diſcount. 


10 8. the bearers loſs=intereſt 
of true diſcount r per cent. per annum, upon the 
preſent worth of the bill, for the time of diſcount. 
When the rate of intereſt is not mentioned, 5 per 
cent. the legal intereſt, 1s always underſtood. 


22. The 
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22. The ſeveral particulars reſpecting ſimple in- 
tereſt will more readily be found by the help of 
the four following tables, wherein are calculated . 
the amount and preſent value of L. 1 for days or 
years, at ſeveral rates of intereſt. | 


' * 


TABLE I Shewing the Amount of L. 1 for 


Days. | 

E 4 per cent [44 per cent. 5 per cent |, D 44 pr cent. 44 pr cent. 5 pr cent. 
If r.00010958 1.00012328] 1.0001 3698 2711 002959 1.003328 1.00369 
2] 1.0002191 7] f. 0024657 1.002739 || 28] 1.003068 1.003452 I.003835 
311.00032876| 1. 00036986 1.0004109 || 29] 1.003178 1.003575 1 00397 
4] T. 0043834 1,.00049314| 1.0005479 || 30} 1 003287 1.003698 I.0041I 
511.0005 4794] 1.00061643| 1 0006849 || 31] 1.003397 1.003822 1.00424 
6] 1.00065 752] 1.00073972| 1.0008219 || 32] 1 003507 I.003945 1.004383 
7] 1.0007671 — r,0009589 |} 33] 1 003616 1.004068 1.0045 

8 


1.00087668| x.00098628| 1.001958 || 34] 1.003726 1.0041917 1.004657 
I.00098628] 1.c011095 |1.0012328 || 35| 1.003835 1.004315 1.004794 
1.0010958 |1.0012328 | 1.0013698 1.003945; 1.004438 1.004931 


| Go oo 
6 
8 


ES | 
11 I.0OI2059 | I.0OI3561 | 1.0035068 | 40| 1.004383] 1.004931 | 100547 
12] f. 013150 |1.0014794 | I1.0016438 || 50| 1.005479] 1. 06164 | I oc 
[3] 1. 014246 1.0016027. | 1.0017808 || 60| 1.006575] 1007397 1.00321 
14] 1. 015342 1.001260 1. 019178 || 70 1.007611] 1.008630 1. 0095 89 
15] 1. 0016438 1. 0018493 1.0020548 || 8o| 1.008767] 1.009862 1.01095 


16| T. 0012534 1.001972 1. 0021917 go] 1.009863] 1.011095 1 01232 
[7] 1.0018629 |1.0020958 | 1.0023287 foo 1.010958] 1.012323 1 01369 
18! x.0019726 | 1.002219 | 1.0024657 200 1.021917] 1.02465 1.027397 
19 1.0020821 | 1.002242 | 1.0026027 zoo 1.03387 | 1.03697 | 1-04T0g95 
20 1. 00219178 1.002465 | 1.0027397 310 1.03397 | 1.03322 | 1.042465 
21 1. 023013 | 1.002589 | 1.0028767 (3200 1.03506 | r.03945 1.043835 
22 1. 0024109 | 1.002712 1. 0030137 i|330|1.03616-| 1.04068 | 1.045205 
23 1.0025205 | 1.002835 1. 0031506 3400 1.03726 | 1.041917 1.046575 
24, 1 006301 | T,002958 | 1.0032876 [350] 1.03835 | 1.04355 1.047945 
5 1.027397 | 1.003082 1:9034246 360 1.03945 | 1.04438 (ONES 
261.0028493 1.003205 |1.00356r6 [3651 1.04 I.045 


2 1. O5 


TABLE 
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TABLE Il. Shewing the Amount os: 2 1 for 
Years. 


| CO TINT DD ont I —.— . 


1 


T.04 | I.C45 | 1.05 | 1.06 || 31] 2.24 | 2.395 255 2.86 
2] 1.08 | 1.09 | 1.10 | 1.12 

| 3] x.13 | 2.135 | 3.35 | 1.18 
4] 1.16 | 1.18 | 1.20 | 1.24 
| URGE 1.285 | 1.30 
6 1.24 1. 27 1.30 | 1.36 
7 1.28 1.315 | 1.35 1.43 
$| 1.32 | 1.36 | 1.49 | 1.48 
1.36 | 1-405 | 1.45 | 1-54 
1.40 | 1.45 I.50 1.60 


2.28 | 2.44 | 2.60 | 2.92 
2.33 | 2.485 | 2.65 | 2.98 
2.36 | 2.53 2.70 | 3.04 
3.40 2.575 | 275 3.10 


Mn 
8 
t 


2.44 | 2.62 | 2.80 | 3.16 
2.48 2.665 | 2.85 3-22 
2.52 2.71 2.90 3.28 
2.56 |- 2.755 | 2:95 3.34 
2.60 | 2.80 | 3.00 | 3.40 


2.64 | 2.845 | 3-05 3-46 
2.68 | 2.89 | 3.10 | 3.52 
2.72 | 2935 | 3.15 | 3.58 
2.76 | 2.98 | 3.20 | 3.64 
2.80 | 3.025 | 3-25 | 3.70 
2.84 | 3.07 | 3-39 | 3.76 
2.38 3.115 | 3.35 3.82 
3.16 | 3.40 | 3.88 
2.96 | 3-205 | 3-45 | 3-94 
3.00 | 3-25 | 3-39 | 4.00 


1. 44 | 1-495 | x.55 | 1.66 
1.48 1.54 1.60 1.72 
1.52 | 1-585 | 1.65 | 1.78 
1.56 | 1.63 | 1.50 | 1.84 

1.60 | 1.675 | 1.75 | 1.90 


—— 1 


21 1.84 | 1-945 | 2.05 | 2.26 3-04 | 3-295 | 3-55 | 4-06 
| 22] 1.88 | 1.99 | 2-10 | 2.32 3.08 |. 3.34 | 3-60 ][ 4.12 
23] I-92 | 2-035 | 2-IF | 2.38 3-12 | 3-385 | 365 | 4.18 
24] 1.96 | 2.08 | 2.20 | 2.44 3-16 | 3.43 | 3-70 | 4.24 
25 200 | 2.125 | 2.25 | 2.50 3-20 | 3-475 | 3-75 | 4.30 
2 5 10 1 , 8 — — 
26 2-04 | 2-17 2.30 | 2.56 [560 3.24 | 352 3.80 | 4.36 
27 2-08 | 2.215 | 2.35 | 2.62 || 57] 3.28 || 3-365 | 3.85 | 4.43 
281 2:12 | 2.26 | 2.49 | 2.63 |} 58] 3.32 ĩ 3.61 3.99 | 4.48 
29] 2-16 | 2-305 | 2-45 | 2-74 || 59] 3-36 | 3-655 | 3-35 | 4:54 
30 — 2.35 | 2.59 | 2.80 || 60| 3.40 it © 2.0 4.00 4.60 


Tables I. and II. Gov the amount of L.1 for * 
or years, and are conſtructed by Equation 1. 13. 
whereby the tabular number Ir. Or thus, 
Table I. is conſtructed by taking 364 mean arithme- 
tical proportionals between o and the rate of L. 1 
for one year, or by dividing chis rate by 365, 
the quotient gives the intereſt of L. 1 for one day; 
and this intereſt added to itſelf continually gives 
the intereſt for any number of days, to which 
prefixing 1, you have the amount of L, 1 for _ 

ays. 


for 
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lays. If a given number of days are not in the 
able, divide them into ſuch numbers as are to 
de found there, and to the ſam of the decimals 
orreſponding to theſe numbers prefix 1, the whole 
Prill expreſs the amount of L 1. for the given 
Wumber of days at a given rate. Or remove the 
lecimal point, where it can be done, one figure 
o the right hand, and you have the amount for 
o times the tabular number; thus 240 1.032876. 
it five per cent. In like manner Table II. is con- 
tucted by adding the intereſt of L. 1 continual- 
y to itſelf for any number of years, to which 
adding 1, you have the amount of L. 1 for theſe 
years, If the given time confiſts of years and 
days, to the tabular number correſponding to the 
years in Table II. add the decimals or intereſt an- 
wering to the days in Table I. their ſum will be 
he amount of L. 1 for the given time. From the 
nature of theſe two tables, 1: :: Pp: np the a- 
mount of 5, for the time and at the rate corre- 
ſponding to 2. Hence the following table: 


TABLE. 


Aren. | The rate r being given, ft 
Fo. % 7s TP the time is found oppolite 
, t, „ | PF ton; and? being given, r 
s7, 5, þ 5 is found above in the ta- 
2 . b l i" ble, Ng 
Ex. 1ſt, Sought, the amount, L. 356, 10s. fo 
160 days, at 4 per cent. By Table I. »p=1.017533 
x356.5=L. 362.75 ; and intereſt=L. 6.25 

2d, Sought, the amount of L. 300 for 7 years 
and 165 days, at five per cent. By Table IL and J. 
Eni xp = 1.3726 x 300 = L. 411.78. amount 
ſought, | 


3d, 


* 


THEORY OF INTEREST, 
zd, Sought, the time in which L. 300 will a. 


mount to L. 400 at 5 per cent. Here 7 
1. 33333 6 years +299149+3 days. | 


©-0 
— — 


9 


TABLE III. Shewing the preſent Value of L. 1 
| for Days, at five per cent. 


——ů—ů— 


99 


8632 
7266 
5907 
4550 


—ͤ —äàêäk—ẽ6 


3197 
1848 
0502 


.989163 


7823 


6488 


5156 
3829 
2504 
1184 


979868 


553 
7243 
5936 
4633 


2 


3 


3333 
2038 
0745 


969457 


8171 


6888 
5609 
4333 
3061 
1792 


— 


0527 


959205 | 
8006 


9863 
8495 
7128 
$771 
4414. 
3062 
1713 
0367 
9028 
7689 


6356 
$023 
3696 
2372 
1052 


9736 
8422 


7112 
5806 


4503 


3203 
1909 
0616 


9328 
8043 


6760 
5481 
4205 
2934 
1665 


0401 


9139 
7880 


6750 6625 


5498 
4249 
3002. 


8373 
4124 


9726 


8359 


6991 
$635 
4279 


2927 
1578 
0233 
8893 


7556 


6225 
4891 
3504 
2240 


0920 


ö 


9605 
8291 
6982 
$675 
4373 


3074 
1779 
0487 
9200 
7914 


6632 


5354 
4078 
2807 


1539 


0274 
90¹³ 


7755 


6499 
5248 


3999 


2878 i 2753 


9589 
8277 
6857 


AND ANNUITIES, 


25 


\ 


TABLE IV. Shewing the preſent Value of 


L. 1 for Years. 


x 


pr cent. 


5 pr cent. 


6 pr cent.| 


80 


4 pr cent. 


pr cent. 6 pr cent. 


961538 
925926 
892857 
862069 


952381 
gogol 
869565 


833333 J. 806 
833333 J˙8 


1 — 96 
892857 
847457 
451 
.769230 


I 
2 
3 
4 
5 
6 
7 
8 
9 


11 

2 
13 
14 
15 


16 
17 
18 
19 


21 
22 
23 
24 
25 


806451 
781250 
77576 


735294 
714286 


694444 
675675 
657895 
641025 
625 


769230 
740740 
714286 
689655 
666666 


645161 
625 

606060 
588235 
571428 


735294 
704225 
675675 
.649350 
625 


602409 
587395 
561797 
543478 
526315 


26 


2 
55 
33 


34 
35 


: 


.490196 
.480769 
471698 
462963 


446428 
438596 
431034 
422728 
416666 


434781 
425532 
416666 
408163 
454545 (4 


393157 
384615 
377358 
370370 
363636 


390625 
381679 
373134 
364963 


349650 
344466 
33570 
328947 


36 


38 
39 
40 


38 


.409836 
.403226 
.396825 
.390625 
384615 


357143 
350877 
344827 
338983 
333333 


609756 
595238 
581395 
568182 
SSSS SS 


543478 
581915 
520833 
510204 
5 


SSSSSS 
540540 
526315 
512820 
3 


487804 
476190 
465116 
454545 


444444 


.510204 
495049 
480769 
467289 
454545 


442477 
431034 
420168 
409836 
4 


41 


42 
43 
44 
45 


378788 
373134 
367647 
362319 
357143 


327870 
322581 
317460 
3125 

307692 


316456 
30559 
304878 
299401 
294117 
289017 
284091 
279330 
274725 
270270 


357143 


322581 


46 


47 
48 


49 


352113 
347222 
342466 
337838 


130333 


— 


303030 
298509 
294117 
289855 
2857714 


265957 
262383 
257732 
253807 
25 


— e 


Tables III. and IV. ſhew the preſent value of 
L. 1 for days or years, and are conſtructed by E- 
quation 2d, 13. whereby , the tabular number, 
Sy; or they are the reciprocals of Table I. and 
II. whereby + of Table I. and II. of Table III. 
and IV. From the nature of theſe two Tables, 
1: ::: nb, the principal or preſent worth 


of 5, for the time and at the rate 


tO 7, 


- 


correſponding 


| When 
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When the time of diſcount conſiſts of years and 
days, in this caſe, aun p, the preſent worth, 
Hence the following 


TABLE. 


| Given; | 
4, 0 * =7s. 
Pi I, r, = 
F, Fr, A: | e 2 
"y 4, P, s 


Ex. iſt, What ready money will take up a bill 
of L. 685, 128. due 255 days hence, intereſt be- 
ing reckoned at 5 per cent? By Table III n= 
.966248 x 685.6=L. 662.4596=p, and diſcount = 
Lo23% Ind '-- | | 

2d, Required the preſent worth of L. 250, diſ- 


counting for 10 years, at the rate of 5 per cent. 
By Table IV, 5666S x 250 =L. 166.666 Sp, and diſcount 
L. 83.33. 

zd, What ready money will pay a debt of 


I. 150 due 5 years and 95 days hence, intereſt be- 
ing reckoned at 5 per cent.? By Table IV. and 
III. nns=.8x.987154x150=L. 118.45848 , and 
L. 31.541=diſcount. 

th, Having , p, and er, in the laſt example, 
ſought, ? the time, =. 7897232 nn, and 
+7897232___ f 


58598715495 days. 


Theſe examples may with equal facility be de- 
termined by the equations annexed to Table J. 


and II, 


[LS 


* FF FF _ r hang 
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| * Remarks upon Simple Intereſt. 


2 3. 1ſt, If the time be ſought in which a ſum 
of money will double itſelf at a given rate of in- 
tereſt. In this caſe, the intereſt being equal to 


the principal, pp, which gives /r=1, = and 
r; ſo that ? and r are reciprocal of and diſcover 
one another, when a ſum of money doubles it- 
ſelf at 8 intereſt. Or thus, ſeeing (12) inte- 
reſt , or 4, 25 &c. according to the ſeveral rates 


of intereſt; hence if .=, 25, &c. when the 
rates are 5, 4, &c. per cent. the intereſt will e- 
qual the principal So that | 


* 


33.33 3 
28.57 32 
10 | 25 4 
Intereſt=p, when = — 27 years at 41 per cent. per ann. 
5 
16. 6g 6 
12.5 8 
10 | 10, &c. 


. 2d, The fimple intereſt of any ſum of money 
is, ceteris paribus, in the direct proportion of p, 7, 

or r; ſo that doubling p, while / and r remain 
the ſame, the intereſt will be doubled alſo, &c. 
For as intereſt ip, if you increaſe or diminith 
any one of theſe three factors, the intereſt will be 
increaſed or diminiſhed in the ſame proportion. 


D 2 | 3d, The 
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za, The intereſt of any ſum of money, for a 
| given time, and 
at a given rate, 
may be diſcover- 
ed by means of a 
right-angled tri- 
angle. Thus. 
In conſtructing 
the right-angled 
triangle ABC, 
| make AB=-, and 
22 BC p; in AB 
C take the point D, 


TS above or below 
BC, making AD =, and join AC; then DE drawn 
parallel to BC will repreſent the intereſt ſought, 
For AB, or + being equal to the time in which 5 
will double itſelf at the rate r, BC=intereſt of p at 
the end of that time; but AB: BC: : AD: DE, 
therefore, by the laſt remark, DE intereſt of for 
the time /, and at the rate cx. 

Ex. Suppoſe p=L. 460, /=12 years, and the 
rate 5 per cent.; then AB=20, BC 460, AD=1 2, 
and DE=L. 270=1nterelt. 

4th, The different amounts are, ceteris paribus, 
in the direct proportion of their principals or pre- 
ſent worths ; ſo that doubling p, while ? and r re- 
main the ſame, the amount will be doubled al- 
ſo, &c. For as the amount =P Nins, ſo 25= 
2þ + tr>x2þ. | - 

But the different amounts of the ſame princi- 
pal, or the different preſent worths of the ſame 
bill, are not in the direct proportion of ? or; for 


27 18 greater than Pag; and though , 
88 
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yet ay is greater than 3p. Hence the different 
diſcounts of the ſame bill are not in the direct 
proportion of the times or rates. | : 
rh, The amount of any ſum of money, for a 
given time, and at a given rate, may be diſcover- 
ed by a geometrical figure, two of whoſe oppoſite 
ſides are parallel, and two of its angles right. 
Thus, in conſtructing the annexed figure, make 


þ 3 
1 y 8 b D 
AB==, CD, biſected in B, = 2þ; in AB take AF 
=t; and having completed the parallelogram AC 
and triangle ABD, GH drawn through F paral- 
lel to CD will repreſent the amount ſought. For 


the intereſt is ſuppoſed not to be uplifted while 


as GF=p, and FH, by remark 3d, is equal to 
tp, hence GH=s the amount. ; 

Ex. Suppoſe p=L. 300, t=g years, and the rate 
5 per cent.; then AB=20, AF, CD=600, GE 
=300, and GH=L. 435, the amount. 

6th, As in fimple intereſt, ſtrictly ſpeaking, 


the 
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| the principal remains in the borrower's hands; it 
| _ . muſt alter the caſe greatly when that- intereſt' is 
| paid yearly, and make it partake of the nature of 
© | compound intereſt, An one e the uſe, and 
1 can diſpoſe of chat intereſt. 8 


Supplement- to Chapter l IL: 


ſt, Of intereſt due upon caſh-accounts and par- 
tial pay ments. 3 


24. In calculating intereſt on caſh- accounts, 
or where ſeveral partial payments are made at dif- 
ferent periods on the — ſum, multiply the 
principal and the ſeveral balances into the num- 
ber of days they are at intereſt; the ſum of theſe 
products divided by 7300 (20) will give the total 
intereſt at 5 per cent. 

Ex. 1. Lent A B, the 11th of November 1788, 


payments; what intereſt is due at 5 per cent? 


1788. | L. |d 
Nov. 11. [Principal lent, - 800 [65] 52000 
1789. 8 14 —ů— 
Jan. 15. Received in part, J250 
Balance, 550 92 50600 
April 17. Betcined | in part, - . þrgo 
| 1 5 | Balance, 460 02] 24800 
June 18. Received in part, - 100 


| Balance, 300 [52] 18600 
Aug. 19. Received in N 


| | Balance, 175 [37] 6475 
Sept. 25. Received in full of principal,| 175 


O[ |» 


rin C. 


. 


L. 800, which I received in the following partial 


— | 524.7 5 20.887 


Bankers 


„ ww K = 2 A Yu 


_—— > 
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Bankers ſometimes receive at 4 and lend at 
per cent. In this caſe it may be proper to conſi- 
der the money lent by the banker as debtor, and 
the money received by him as creditor, and to 
make two columns for products, where the intereſt 
ariſing from the debtor products is to be compu- 
ted at five, aad the other at 4 per cent.; the dif- 
ference of theſe two is the balance of intereſt due 
to or by the banker. 

Ex. 2. AB runs a caſh-account with a bank- 
er to the extent of L. 500, at 5 per cent. for the 
balances due by him, and has allowed him 
4 per cent. for ſuch balances as may be due to 
him. What intereſt will be due, and by whom, 
in = of the following tranſactions ? 


1789. or Cr 
Jan. 8. l 200 61 | 12200 
Mages 10. Cr 350 | 


Per 150 | 66 | 9900 , 
May 15.Dr| 310 22 


— 


Dr 169 | 66 | 10560 
July 20. Cr 240 | 


Cr] 80 52 | 4160 
Sept. 10. Dr 410 WH, 


Dr 330 | 52 | 17160 
Nov. 1. Cr 420 7 


Fr. 9e 4 4410 
Dec. 20. Dr 250 | + | 


1790. 


Jan. b pr 160 | 19 3040 


5 
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22.5 4 184.7 
| bo OED =; I. 3-86 Int. . to the banker, 
| | 1 60.00 Prin 


* When partial payments are made on bills or 
j bonds at any interval greater than a year, the le- 
gal and uſual method 1s to add the intereſt at the 
times of payment to the principal, and from that 
amount to dedu the payment. 

Ex. 3d. Borrowed on bond, June 1 I. 1781, the 
ſam of L. 1000, at 5 per cent. and made partial 
payments as follows ; required, the ſtate of the af- 
fair on the 14th of Auguſt 1785. 


178i. |. 3 8 L. 
June 1. Principal borrowed, | 1000 
Intereſt for 1 year and 1 29 
* 67.671 
1782. Amount, 1067.67 1 
Oct. 8. Paid in part, - 250 
Balance, | 817.671 
Intereſt for 1 . and 855 
days, | 50. 4 
1784. "Anni, 868.071 
Jan. 1.| Paid in part, - 408.071 
Balance, . 460. 
Intereſt for 1 year and 225 
days, - 37178 
„ Amount, 497.178 
Aug. 14. Paid ; „% TOUTE 


2. Of 


Ap ANNUtTiEs. 31 
ad. Of che equation of payment. 


25. When two or more debts are payable at 
different times; the finding a mean time at which 
all the debts may be paid at once, without loſs to 
debtor or creditor, is called equating the terms 
of payment, and may be performed by the fol- 


lowing | 
55 RULE. | 
Multiply the ſeveral debts into their reſpective 
times, and divide the ſum of the products by the to- 
tal debts; the quotient is accounted the mean time. 
Ex. A owes B L. 800, whereof L. 200 are to be 
paid at the end of 2 months, L. 3oo at the end of 
6 months, and L. 300 at the end of 10 months; 
required the equated time for paying the whole. 
20800 Xx 2 == 400 | 
.. $00 x 6 = 1800 
300 x 10 = 3000 


800 | )5200(6.5 months, anſwer. 


The above method is eaſy, but not accurate: 
for a perſon, by keeping money unpaid after it be- 
comes due, gains the intereſt thereof for that time; 
but by paying money before it is due, he does 
not loſe the intereſt, as the Rule ſuppoſes, but 
only the diſcount thereof for that time, which is 
always leſs than the intereſt, by the intereſt of 
the diſcount for the time; therefore take the fol- 


lowing | 
RULE, | 
Find, by Equation 2d, 13. the preſent worth 
of each debt, and by Equation 3d, find in what 


time the ſum of the preſent worths will amount 
to the ſum of the debts, | 


E Ex. A 


$4 THEORY OF INTEREST, 


Ex. A owes B L. 2 50, whereof L. 50 is pay- 
able 1 year hence, L. 100 3 years hence, and 
L. 100 3 years hence; what is the equated time 
for paying all theſe debts at once, intereſt n 
ed at 5; per ent.? Here, 


1 47. 619 then A, 302= 5; years 


1.05 10.728 

300 

775 — 86. 956 - | and 110 days. 
| > Jn 80.000 Ls : 


"I-25 * $75 


3d. Of the premium of 3 


It is uſual with bankers, in granting a draught 
upon their correſpondertts either at home or a- 
broad, payable to the 'bearer or order, for value 
received, to charge fo much per cent. upon the 
tranſaction, in name of eommiſſion; which com- 
miſſion varies from + to 2% per cent. according to 
the nature of the caſe ; hence the following 


- TABLE 
1 Per cent.. [Com on Lare Per cent, Com. on L-. 
—— — — — — — — —_— 
e 1 - Th * , 
o 2 605 [|14=1 * | 023. 
3 | org {13 4% 15 
34. 0 . 
17 
4 0 5 0 ß n '8 wi] eee 
e 6 eee 2 10 | .o25 
2 o 10 005 2: 2 15 j 0275 |. 
2 © 15 0075 [| 3 3 © | +03 | 
F | 2 310 -035 _ | 


1 Sought, the commiſſion upon L. 542 at 14 
per cent. Here FO S. 8.13, the commil- 
ſion. 


C HAP. 


1201 


4 


Of ANNUITIES computed at SIMPLE INTEREST, 


26. An annuity, rent, or penſion, 1s a ſum of 
money payable yearly, every half year, or quar- 
terly, to continue for a certain number of years, 
for life, or for ever. When an annuity conti- 
nues unpaid after it falls due, it is then ſaid to be 


in arrears. When the purchaſer does not imme- 


diately enter upon poſſeſſion, the annuity not 
commencing till ſame time after, it is ſaid to be 
in reverſion ; and the reverſion of an annuity is 
the preſent value of a perpetuity which is to com- 
mence after the expiration of the annuity, being 
the ſame with a reverſion in fee-{umple, 

1ſt. Of the amount of an * in arrears. 


27. In computing annuities at ſimple intereſt, 


let, 

à repreſent the annuity, rent, or penſion. 

5 its preſent value. 

5 the time of its continuance. 

u the number of years before it com- 
5 mences. 

7 the intereſt of L. 1 for one year. : 

the amount of an annuity and its in- 

tereſt, 


E-2 Then, 


1 
| 
| 
| 
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Then, fince L.1:r::a:ar, and as the firſt 
year's annuity bears no intereſt, being due only 
at the end of the year, we ſhall have, from an 
yearly ty annuity, a, 
axi+o = amount of the 1ſt year, 
ax Ir = amount of the 2d year. 

a x i++2r = amount of the 3d year. 
a x 1--3r amount of the 4th year, 
ax I= = amount of the ? year. 
Here the number of terms of this ſeries being 


, the ſum tai (8). Hence the follow- 


ing 
3 
e 8 2 fe 3 
* eta r t N -s. Equation 1. 
. 7, r. a - 
fx1+H=;,, 2» 
| . + 58 WAN 
% $f. Ge ow 3+ 
—1 X. 
| 1 7. 4 E V2. 7 ＋ 2 42 — 937 | 4 
Sought r, in Equation 3d. Sought ?, in Equation 4th. 
nn „ nat + POS xe: 
MENTED" dd 
— 2s 
[Z—2057Tixer, npFmimS 


| Ex, iſt, 


1 as 
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Ex. iſt, Required the amount of an annuity of 
L. 20 per annum, being in arrears for 12 years, 
at 5 per cent. ſimple intereſt. Here a=20, ?=12, 
r. o5, and ta x 1 FEIr=240%1, 275 2306 =. 


zd, Sought, the annuity, which being in 
arrears for 9 years will amount to L. 250, at 
5 8 cent. Here s = 250, FO: HO 
— — = | 
XS, _ L. 23-148 = annuity. 
3d, Sought, the rate of intereſt at which an 


annuity of L. 20 per annum, being in arrears for 
12 years, will amount to L. 306. 
2s 


1 O05 = ʒ per cent. 
4th, In what time will an yearly annuity of 


L. 85.5 amount to L. 2522425, at the rate of 5 
per cent. per annum ? 
polar 


RE ns RE gr Re 


- nd 1 25 — 19.5 age 
years. 


28. When an annuity is paid every half year, 
quarterly, or monthly; then for half years pay- 
ments, take half the yearly annuity, half of the 
ratio, and twice the number of years; and for 
quarterly payments, take the fourth part of the 
yearly annuity and of the ratio, and four times 
the number of years, &c. and work as directed 
above. 

To Extra? the Square Root of any Quantity. 
Example. . 


Let the given quantity g, and its] Let g = 1560.25(39.5z=r be. 
ſquare +, 07, — 9 


rr = 
rr + 2re = — 
* | 21 oe = 69)660 =4 


. 621 
: 2r+e=785)3925 =0d 
3925 


. What 
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Ex. What will an yearly annuity of L. 70, pay- 
able every quarter of a year, amount to in 5 
years, at 5 per cent. Here a=17.5, t=20, r= 
+0125, and 350x1.11875=391.56=s5. 


ad, Of the preſent worth of an annuity. 


29. When an annuity is to continue for a cer- 
tain number of years, its preſent value þ, at a gi- 
ven rate of ſimple intereſt, may be found thus: 


Since 1-+7, the amount of L. 1 for any time, hath 


the ſame ratio to L. 1, as ai τ er, the amount 
of any annuity a, hath to 5p its preſent value; 
therefore ip ta- +=, from which all the 


varieties in this caſe will be reſolved, as in the fol- 
lowing | 


. 
Vn — 
a, 1, i, E= fax —x- Equ. r. 
. PETS I+tr a 
| " of 1, FE — . 2. 
ö ö 4 | 
| n 
P, t, a, W Da. Jo 
| 5M I ? 1 dS I 
1611 4 
Sought r in Equation 3d. Sought f in Equation 4. 
Equ. I. td =ta +=, Equ. 5; 2þ + 2rpt = ee 
* PDA +—er. | 2 ＋ 2. — — 4. — tb. 
8 0 2 
7 — | "4 
9. 2þ 1 
ar 
| OM 


as 
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. 1. Required the preſent value of a yearly 
annuity of L. 20, to continue 12 years, allowing 


diſcount at 5 per cent. imple intereſt, Here, 


1＋ - 


ta * = 240 K L. 191.2498. 


2. A perſon i is willing to lay out the ſum of 
L. 300 in the purchaſe of an yearly annuity, to 
continue 15 years, being allowed diſcount at b per 


cent; ſought the annuity, Here 2 * = = 20x 
x; 


—1 


1.3 381. 26.76 = annuity. * 


3. There is an annuity of L. 0 a- year, to con- 
tinue 20 years, to be ſold for L. 737. 5, ready mo- 
ney ; ſought, the rate of ſimple intereſt at which 
the diſcount 1s Eiven. 


7 APE k | a 
—— 0: 
= I per cent. 


2 


4. There is an yearly annuity of L. 30, to con- 
tinue a certain number of years, which can be 
ſold for L. 405, diſcounting at 5 per cent; ſought, 
the time of its continuance. v 540. 36—6= =) 18 
Jes. 


30. When an annuity 18 paid every half year, 


8 or monthly, and its preſent value be 
tought. See 28. 


Ex. What will be the preſent value of an year- 
ly annuity of L. 70, payable every quarter of a 
year, and to continue 5 years, diſcounting inte- 
reſt at 5 per cent. Here a=17.5, t=20, r=.0125, 
and 350X. 895 313.25 b 

e manner a, 7, or 7 may be found. 
3d, Of 


46 THEORY OF INTEREST, 


zd. Of the proves worth of an annuity in re- 
verſion. 


31. When an annuity 18 to commence after a 
certain number of years (a), and then to continue 
for a certain time (), its preſent value may be 
found thus: Find its amount at the end of the 
time 1, (Equation 1. 27.) and divide this amount 
by 1A nr, the quotient. will give g;, the — 


1＋ r 
value. Thus ta t. 


Ex. Required the preſent value of an yearly 
annuity of L. 30, which is to commence 6 years 
hence and to continue 15 years, diſcounting in- 
tereſt.at 5 per cent. Here g=30, =15, , 


1. O5, and 430X755 2551. 296. 3 h. 


Ath. Of the preſent worth of the reverſion of 


an annuity, 


32. The preſent value of the reverſion of anannui- 
ty. being the fame with that of a perpetuity which 
is to commence after a certain number of years (), 
may be found thus: From the value of the perpe- 
tuity (ſee Remark 3d), ſubtract chat of the annui- 
ty, the remainder gives the preſent value of the 

reverſion : Or thus, divide the value of the per- 


petuity, viz. = by I ur, the m—_— gives the 
preſent value of the reverſion, thus 2 h. 
Ex. Sought, the reverſion of an yearly annuity 


of L. 20, which is to continue 12 years, allowing 
diſcount at 5 bY cent. Here 


4 L. 250 the reverſion, 
33. The 


7 Ca. 
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33. The ſeveral particulars reſpecting annui- 
ties at ſimple intereſt may be diſcovered by means 
of the two following Tables, wherein are calcula- 
ted the amount and preſent value of L. 1 an- 
nuity for years, at ſeveral rates of intereſt. 


TABLE v. Shews the Amount of L. 1 Annuity 


for Years. 

Yrs4 pr cent. 5 pr cent. b pr cent. rege pr cent. 5 pr cent. pr cent. 
I] 1.00 . oo 1.00 39.00 42.25 | 45.50 
2} 2.04 2.05 2.06 27] 41.04 44-55 48.06 

3.12 3.15 3.18 28] 43:13 46.90 | 50.68 
4.24 4.30 4.36 45.24 49-30 | 53-36 
3] $5.40 5.50 5.60 || 30] 47.49 þ $1.75 | 56.10 
6.60 6.75 6.90 || 31] 49.60 54-25 | $58.90 
71 7.84 8.05 8.26 || 32] 51.84 56.80 | 61.76 
9.1% 9.40 9.68 || 33] 54.12 59.49 | 64.68 
10.44 | 10.80 | 11.16 J 34} 56.44 62.05 | 67.66 
100 11.80 | 12.25 12.70 || 35] 58.80 64.75 70.70 
Il 13.20 61.20 67.50 | 73.80 
12] 14.64 63.64 | 70.390] 7696} 
131 16.12 66.12 | 73-15 80.18 
14] 17.64 68.64 76.05 83.46 
I5| 19.20 71.20 79.00 86.80 
x6] 20,80 73-80 82.00 | 90.20 
| x7] 22.44 76.44 $5.05 93-66 
18] 24.12 79.12 88.15 97.18 
19 25.84 81.84 91.39 | 100.76 
27.60 84.60 94.50 104.40 
21] 29.40 $7.40 97.75 | 108.10 | 
22| 31.24 90.24 - | I01.05 } 111.86 
231 33.12 93.12 104.40 | 115.68 
24 35.04 96.04 | 107.80 | 119.56 
251 37.00 99.00 | 111.25. | 123.50 
— — — 


Table V. ſhews the amount of L, 1 annuity, 
and is conſtructed by equation 1. 27. whereby u 


the tabular number r Ar; Or thus, ſeeing 
= a the amount for 1 year, 


1 


a -I 
b + 1 + 27 
+ 1+ 37 


= 6b * 


="C 


=2 & 


for 2 years, 
for 3 years, 


for 4 year 


8, &c. 
Hence, 
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Hence, to L 1, the firſt year of this Table, add 
the firſt year of Table II. their ſum is the ſecond 
year of this Table; to which add the ſecond year 
of Table II. their ſum is the third year of this 
Table, &c. From the nature of the Table, 
1: n:: a: na the amount of any annuity a, for 
the time and at the rate correſponding to n: hence 
the following | 


TABLE, 
"Given. | 7 
a, 1, 7, S = 7a, 8 
F 4 I, 1, | a = —« 
,th 5 2. 
„ 75 4, | 24 


Ex. 1. what will an yearly annuity of L. 35 a- 
mount to 1n 16 years, at the rate of 5 per cent, 
ſimple intereſt? za = 22 x 35 = L. 770, the a- 


mount, 


2, What yearly annuity will amount to L, 471 
in the ſpace of 20 years, at 6 per cent. ſimple in- 


tereſt? === =L. 15, the annuity. 


TABLE 


TABLE VI. Shews the preſent Value of L. 1 
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Annuity for Years, 


N — —— 


5 per cent. 


6 per cent. 


Ys| 4 per cent. 


5 per cent. 


6 per cent. 


0.95238 
1.86363 
2.73913 
3.58333 
4.4 


5.19231 
5.96296 
6.71428 
7.44827 
8.16666 


0.94339 
1. 83928 
2.69491 
3.51613 


5.97353 
5.81690 
6.54054 
7.24675 
7.9375 


4.30769 


26 
27 
2 
2 


3 


19.11764 
19.771154 


20. 33962 


20.92592 


21.54545 - 


31 22.14285 


22.73688 
23.32758 
23.91525 
24.5 


18.36956 
18.958744 
19.541166 
20.12245 
20.7 


I7.77343 
18.34351 
18.91044 
I9.47263 
20.03571I 


4 


21.27451 
21.84615 
22.41509 
22.98148 
23.54545 


— 


20.59440 
21.15067 
21.70469 
22.355 26 
22.80645 


8.87096 
9.5625 
10.24242 
1091176 
11. 57143 


8.61445 
9.27907 
9-93258 
10.85 326 
[1.21052 


25.08197 


25.66129 


26.23809 
26-8125 
27-38461 


24.10714 
2.4.66666 
25.22414 
25. 77965 
26.33333 


12.22222 
12.86486 
13.5 
14.128260 
14.75 


— — — 


11.83673 
12.455044 
13.006706 
13.67289 
14.27272 


27.956454 
28.52238 
29.08823 
29.65217 
30. 21428 


15. 36585 
15.976179 


17.18182 


12.227172 


16.581739 


14.86 504 
15. 45689 
16.047201 
16.604246 
17.2 


92 


O 33. 


30-77465 
31-33333 
31.8904T 
32.44594 


26.88524 


27.43548 
27.98412 
28.53125 
29.07692 


27-14525 
27-05133 
28.2162X 


29.62121 
30.16418 
30.70588 
31.24638 
31.285871 


28.75 
29.28272 
29.381444 
30.348 18 
30.875 


Table VI. ſhews the preſent value of L. 1 an- 
nuity, and is conſtructed by Equation 1ſt, 29. 


1+= r 


whereby 7 the tabular number =? x ; Or 


thus, u Table VI. = 7% 


n, T. II.“ 


This Table is conſtructed upon the ſuppoſition, 
that the preſent value of an annuity is equal to 
that of the amount of the ſeveral annual pay- 
ments, with their intereſt at the expiration of 
the annuity. From the nature of the Table, 

SES F 2 $: 
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1214281 na =þ, the preſent worth of any annui- 


ty a, for the time,and at the rate correiponding 
to n. Hence the followin g 


TABLE, 
Given. 4 {4 
a,r, t, þ = #4. 
P, r, t, , aA — Z. f 
P, 4, a, N= "6 
P; 7, 25 #1 be 


| Ex. 1ſt. What is the preſen worth of an year- 
ly annuity of L. 50, to continue 15 years, diſ- 
counting intereſt at 5 per cent ? 


na=11.57143x50=L: 578.5715 p. 
2d. A perſon is willing to lay out the ſum of 
L. zoo in the purchaſe of an annuity to continue 


18 years, being allowed diſcount at 5 per cent.; 
ſought the annuity. | 


8 0p J 
E —© =L. 22.222 = annuity. 


3d. A gentleman hath L. 160, which he would 
lay out in the purchaſe of an annuity of L. 20 per 
annum; ſought, how many years the ſaid annui- 


ty muſt continue, diſcounting intereſt at 6 per 
Cent. 


£ = = -8—7. the next leſs to which below 6 


per cent. is 7.9375, correſponding to 10 years, and 
for the odd days ſay 


8.01445 8.0000 
7.93750 17-9375 


as .67695 : I:: 0625 :.09233, correſponding to 
34 days, (16). ath. A 
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th. A hath an annuity of L. 20 per annum, to 
continue 7 years; B hath one of L. 5, 10s. to 
continue 21 years ; ſought, which of theſe is moſt 
valuable, diſcounting intereſt at 6 per cent. 


A's annuity = 5.8169 x 20 = 116.3380 
B's annuity = 14.865 x 5. 5 = 81.7575 


A—B=L. 34-5805 


5th. A lends to B L. 360, upon a mortgage of 
land, whoſe rent is L. 75 per annum; B keeps 
the money 5 years, during which time A receives 
the ſaid rent; ſought, the ſtate of their affairs, diſ- 
counting intereſt at 6 per cent. 


By Table II. 360 x 1.3 = L. 468 
Tadic V. ex $6" 420 


Balance due by B to A L. 48 


Remarks upon Annuities at Simple Intereſt. 
34. 1ſt, The amount of an annuity for a given 


time, and at a given rate of ſimple intereſt, may 
be expreſſed by the area of a rectangle and triangle. 


* Thus, 
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— 


D 


a 
© nl IRE 


Thus, in conſtructing the annexed figure, make 
AB =, BC, raiſed at right angles to AB, Sa, and 
BD =intereſt of a for the time —1; laſtly, Join 
AD, and complete the rectangle AC; ; then will 
AC + ABD expreſs the amount of the annuity 
a, for the time t, at a given rate of intereſt ; for 
AC + ABD = at + x tra—ra = amount of the 
annuity. ; 

Ex. Suppoſe a = L. 20, = 12 years, and the 
rate 5 per cent.; ſought the amount. 


Here AB = 12, BC = 20, BD = 11. Hence, 
AC + ABD = 240 + 66 = L. 306 = amount. 


2d. The amount of an annuity is, ceteris pari- 
bus, always leſs, and its preſent value greater, up- 
on the principles of ſimple than of compound in- 
tereſt, as is manifeſt from inſpecting the "is | 
an 
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and as the tabular numbers expreſling the preſent 
worth of an annuity may be confidered as the 


years purchaſe of {aid annuity for the correſpond- 


ing years, theſe at ſimple intereſt are unlimited. 
Thus an annuity to continue 99 years, at five per 
cent. is valued, Equation 1ſt, 29. at 57.4 years 
purchaſe ; whereas the years purchaſe at com- 
pound intereſt are always leſs than . For theſe 


reaſons the purchaſe of annuities upon the prin- 
ciples of ſimple intereſt is very unequitable, and 
compound intereſt, that both parties may employ 
their money to the greateſt advantage, is uſually 
admitted in theſe tranſactions. | 

3d. The value of a perpetuity cannot be ob- 
tained upon the principles of ſimple intereſt, be- 


cauſe the number of years purchaſe is indefinite. 


For, as a finite quantity can make no alteration 
upon an indefinite one, by any operation of arith- 
metic, the fractional part of the annuity, (Equa- 
k ; 1+=r | 297 
tion 1ſt, 29.) viz. — =” =1, when ? is indefi- 


nite ; and of conſequence, the number of years 


purchaſe of a perpetuity, viz. IK, is alſo indefi- 


nite. . Or thus, ſeeing the value of an annuity at 
ſimple intereſt is ſuppoſed to be equal to the pre- 
{ent value of the amount of the ſeveral annual 
payments, with their intereſt, collected into one 
ſum ; but as this, when ? is indefinite, cannot be 


done, therefore the value of a perpetuity up- 


on the principles of ſimple intereſt muſt remain 
impracticable, and its only value that can be ob- 
tained, muſt be derived from the principles of 


compound intereſt, viz. >. (56.) 


CHAP- 


e H A P. Iv. 


Of GEOMETRICAL PROGRESSION, 


35. WHEN a ſeries of quantities, exceeding 
two in number, increaſes by the ſame common 
multipher, or decreaſes by the ſame common di- 
viſor, the terms of the ſeries form a continued 
Geometrical Progreſſion ; and the common mul- 
tiplier or diviſor is called the common ratio of 
the ſeries. Thus, 


r, ar?, arf; © . » ar*—I=Z. an increaſing ſeries. 


S323 2 2 2 
Z. = — 


J AAA decreaſing ſeries. 


„ as; 14, 11—1 


1, 2, , 8, 16, 32; 64. Multiplier. 
I, + 2. 8, 18 FE bz a common VDiviſor. 


36. In a geometrical ſeries, the product of the 


extremes is equal to the product of any two 


terms 
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terms equally diſtant from the extremes; thus 

2 L | 4 

0% ar x ; and the ſquare of any one term is 

equal to the rectangle under any two other terms 

equally diſtant from it; thus, ar? x ar* ar x 
ar 3, 

37. In a geometrical ſeries, let 


a repreſent the 1ſt term. 


2 the laſt term. 

1 the number of terms. | 

7 the common ratio = quot. of the 
greater by the leſſer contig. term. 

1 the ſum of the ſeries, and L, the 


Logarithm of any quantity. 
Then, as r is always increaſing from the 2d 
term, its exponent in the laſt term will be 2— 
and ar = g. 


38. In a geometrical ſeries, the ſum of all the 
terms wanting the leaſt is equal to the ſum of all 
the terms wanting the greateſt multiplied by the 
common ratio. 


that is, 5 —a =5 z Ar, in an increaſing ſeries; 
and -a .- zr, in a decreaſing ſeries, 


| 2 2 — Hence; 
rxa, ar, ar * 


39. In a continued geometrical progreſſion, if 
any three of the five quantities, a, =, u, 7, and s 
be given, the other two may be determined, as 
in the following table: | 5 

G TABLE. 


— UU— — 


—— — — 


ñ—Dꝙ—ẽę—it̃—sj—̃— . —-— — 
= — — — — — 
. 
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TABLE. 


* 38 — Mr. 


87 | z=ar * 


* 71 =aXxr" II. 
Sought : in Equation 3. 
37 „ E. 


r lh, — 
5 a 


Given. 1 
—— — — —— —„»— — 
| | nd | " . 
a, Is n, Sa N eee Equation 1. 
12— 4. 2—4 * 
4, 1, 2, gd nr wan. iT. 24 
N 
a, n, 2, 5 = „ 3. 
1 1 =, — 
a 
, 2 1 —1 
F nN — — 
a 3 25 3 1287 9 8 9.-0 2 4 · 
EL FF » r — GE — — — 
4, ry N, Z = a,, LL 
1 14a 
a, r, J, H= A, 6. 
., Nn, 4, 2 =7r* Nn 7. 
- | Sought / in Equation 1. Sought 2 in Equation 7. 


* 


38. — — Sr, 


1—1 


N —— 


r A v2 + Subſt 


We 


it, this in Equ. 4 


Givefi; 
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Given. 
2 * 
ry, Z, n, | @ =. Equation 8. 
# 
| r, Z, 4, A= Z- x -I. 9. 
—1 
ö 7, n, 45 r 10. 
— — — — — . — 
ö 
| 2 
Ln 
CL. 2— 
a, r, Z, n= TS +1= — 11. 
"ne I. iX — | 
„ a = £.r=1 Ae, 12. 
L. 7 : L.r ; 
4, Z, 4 2 — —— — ly, «+ © IZ. 
3 3 v3 N 1 — . — 7 3 
ö 
| 8 2 5s — . ＋E 1 14. 
| L.r | 
Sought „ in Equation 11. Sought = in Equation 13. 
37. =. * wi em=— ay this in Equ. 11. 
1—2 
Bn” L 2 : <5 
—1 = "2 Soug ht # in Equation 24. 
4x5. | * 
H- Ne I. Subſtit. this in 
* Equ. II. 


38. 


| ar K r.. a. | | 40 


Sought « in Equation 12. 


i=—0a 2 . — ar", 


* 2 N a. 


k | 


Given. 
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Given. 
— — — — 3 
Fs | . 
A, Z. I, 1 72 2 + © Equation 15. 
4 F 
a, u, 6, 2TH 1 16. 
mT —— 
a, n, 2, r= . 17. 
aa" „ 3235 ahem 
N, Zz 35 | 8 r ena 7 8 2 „ 18. 


In the above table, the expreſſions belong to an 
increaſing progreſſion, and may be applied alſo 
to a decreaſing one, by making the quantities a 
and z change places every where. 


"EXAMPLES. 


1, In the geometrical ſeries, 1, 2, 4, 8, 16, 

c. containing fixteen terms, ſought, the laſt 
term and the ſum of the ſeries. Here a=1, r==2, 
1 16. PR S and x. 


Z. = 0.3010300 
Equation I, aX——— I =1 x Sen] = 65525 me. - @= 16 
7 — 


4.8164800 = 


N. 
3 * OS 65526 =r 
Equation 5. ar =1x 32768 . ; 


Sought r in Equation I6, | Sovght « in Equation 18. 
R 
38. fg 2.4. 38. 7— n 
| 
rear” 2 - 4. —·1 — o 
ir — 2 2. — XC $ 
1 n 4 I | 1 
rr 27. „ LD 
| =" = | 
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24, A gentleman, who had a daughter mar- 
ried, gave the huſband towards her portion 48. 
promiſing to triple that ſum the firſt day of every 
month, for nine months after the marriage. The 
ſum paid on the firſt day of the ninth month 
was 26244 ſhillings. What was the lady's portion? 
Here are given a, , 2; ſought s. 


Equ. 2. 281122 39364 th. = L. 1968, 48. 2 . 


Noun [ 


3d, A gentleman buys a fine houſe, in which 
were 20 threſholds, and, in name of price, was 
to lay a farthing on the firſt threſhold, a half- 
peny on the ſecond, a penny on the third ; doub- 
ling the ſum on every following threſhold ; what 
would the houſe coſt him? Here are given, a, r, 
n; ſought 5, | 


Equ. 1. ax —= 1048575 Far, = L. 1092, 5s. 4d. = Price, 


7— 


4th, A Gentleman ſold his eſtate for L. 21844, 
which was diſcharged by ſeveral payments in geo- 
metrical progreſſion ; the firſt was L. 4, the laſt 
L. 16384; what was the ratio, and how many 
payments were there? Here are given a, 2, 5; 
ſought , 7. 


. —2. 2184 2 


\ 
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Of a Geometrical Series continued indefinitely. 


40. As in a geometrical ſeries - = 5—z xr, 
(38), hence 1:7 ::5—2: 5—a, and I:4—1:: 
: 2-4. but as the quantities a, =, change 
Places every where, when applied from an increa- 
* to a decreaſing ſeries, we ſhall have 1: r—1 
::: ; therefore ſuppoſing 2 to vaniſh, 
or the decreaſing ſeries to have no laſt _ then 


1: 1—1 2 2: a; which gives s = =; hence 
the following TR 


IADL E 
| Given, | 
| ve, [r= r ra — pcs Equation 1. 
| g | 
a, Ss, 1 1 2 © » L, 
| 174, Sy DEE q 3. 
EXAMPLES. 
If Required the ſum of the ſeries, 1, 1 K. Ty 
7 187 725 &c. 
EWES - 
Here a= 1, r=2, and 5 — = 2, the ſum. 


2d, Required the ſum of the ſeries $333 = f + 
7 * 7 * o 59 &c. | 


X10 
Here a =—E,y=10,a0ds ge === 3 the ſum. | 


IOX 10— 
I I I „„ E. 
wy 3d, R ＋ xz * II Kc. Dy 7—1 — 1 


e £Y © I 


Of COMPOUND INTEREST. 


41. WHEN the intereſt of money at the end 
of each year is added to the principal ſum, and 
both bear intereſt the following year, money is 
ſaid to be at compound intereſt: In which let 


b repreſent any principal ſum lent out. 


t the time, 

1 the intere ſt 

R en ee of L. 1 for one year. 
7 the amount of principal and inte- 


reſt; and L the logarithm of a 
quantity. | 


Then L. 1, at the end of the year, will become 
Ir = R, hence the geometrical ſeries 1: R: R“ 
RW: RI. . . X. So R. will be the amount of 
L. 1, for the time :, and at the rate ry, But 1 : þ 
: R.: PR., the amount of þ, at the end of . 
years, at the rate 7; hence the following table. 


TABLE, 
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TABLE. s 


_—_—_ - — 


” 


Given. 


| 55 R, t, |} s =pR'. or L.p + L.Rxt=L.s... Equa. 1. 


Sy } 3p P =; or I. L. Rx TL. , 2 © + s 2. 
uy N, p, EN. 2 2 „ © 3. 


s, 25 , | R . or L. R . * +0. 4. 


Ex. 1. Required, the amount of L. 25 foreborn 
12 years, at 5 per cent. compound intereſt. Here, 
32333, = 12, XK = 1-05: | 

| L. = 1.3979400 L. R = 0.0211893 


+ L. R R t= 2542716 4 12 
Sum 665221 16 = L. 44.896 2542716 


2d. Sought, the principal which, in the ſpace 
of 12 years, will amount to L. Zoo, reckoning 
intereſt at 4 per cent. Here, 


L. s = 2.4771213 IL. 1:04 = 0.0170333 
— I. Rxt = 132 | IN WE 
Diff. = 2. Jaa 1 = L. 187.379 | 2044002 


zd. Sought, the time in which L. 15.875 will 
amount to L. 31.9436 at the rate of 6 per cent. 


I. — L. 9 3036208 
r BR O25 3059 


Ach. At what rate of intereſt per cent. will 
I. 480 amount to L. 643. 240, in the ſpace of 6 


years. 
K MM. orig = L. 1.05. = 5 per 
cent. 


2 12 years. 


5th. 


of 1000 years? Here, 


f 
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ch. Required the amount of one farthing lent 
out at 5 per cent. compound intereſt for the ſpace 


* 


L. 1.05 x 1000 21.1893 
＋ IL. .0010416 = — 3.0177287 


L. pM = 18.2070287 =L. 1610952, &c. to 19 
places of figures. 

If p the principal conſiſts of pounds, ſhillings, 
and pence, or ? the time, of years, months, and 
days, theſe parts of an integer may be thrown in- 

| | to 


— ä _ tt. 2th... tet. tt i. OY th. te. 2 ah. 2 2.4 


— 


Or LooARir nus. 


Logarithms are a moſt valuable invention for ſolving queſtions in 


trigonometry,. or where the higher powers of numbers, as here, are 


concerned ; and for which the learned world are indebted to John 
Napier, Baron of Merchieſton, in Scotland, about the year 1614. 
i. The index of the logarithm of any number is always one leſs 
than the number of integers it contains ; of conſequence the index of 
the logarithm of any one of the 9 digits is o; and the index of the 
arithm of a decimal fraction is negative, though ftill equal to the 


1 
diſtance of its firſt ſignificant — from the units place, being 


—1, —2, —3, &c. or the complement thereof to 10, viz. 9, 8, 7, 


Ce 
zd. The logarithm of any number to 7 places of figures may be 
found by Sherwin's Tables, namely of 5 figures by the Tables, and 


of two by the column pts, nearly exact, and vice verſa. Thus, 


L. 6484.300 = 3.8118631 
To 080 — 53 
L. 006 = 4 


TL. 6484-386 = 38118688 


3d. The multiplication or divifion of natural numbers is performed by 
the addition or ſubtraction of their logarithms, or, in place of ſubtrac- 
tion, the addition of the complement of a logarithm may be uſed, 


providing you caſt 10 out of the index of the ſum, Thus, 


L. 20 = 1.3010300 
L. 21 = 1.3222193 , | 
Co. IL. 220 = 91.6575773_ 2 


= 0.2808266 = 1.909 
H 4th. A. 


20 x 11 
1. 220 


W 
n * , 
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to a decimal fraction, and the anſwer found as a- 


© Fx. Sought the amount of L. 310: 12:6, for 

' years and 91 days, at 4 per cent. compound in- 
tereſt, Here, r 

rf =L. 1.04 x 5. 25 + L. 310.625 = L. 381, 128. 
11 d. = Amount. . 2a 


42. The ſeveral particulars reſpecting com- 
Pound intereſt may more readily be bud by the 
help of the three following Tables, wherein are 
calculated the amount and preſent worth of L. 1 
for any given time, and at ſeveral rates of com- 
pound intereſt. ; | 


kd _—_—_—— ”"— „ 1 ah 
— 
N . 


Ach. A given power of ay number thay be found by multiplyin, 
ce logarithm of the number by the index of the power, the Pede 
will be the togarithih of the pbwer ſought, Thus, 25 | 


— 


I. 34 1.0515 * 34824184500 32768, the cube of 32. 
la a decimal fraction, the firſt ſignificant figure of the potter muſt 
be put ſo many places below the place of units, as the index bf its 
logarithm wants of ro x index of the power. Thus, TINO 
L. a =9-39794 * 4 = 37:5917600 = 00390625, ſeeing index x to 

by 7D 0 | 

5th. The root of any power may be extracted by dividing the lo- 
garithm of the number by the index of the power, be quotient gives 
the logarithm of the root ſought. Thus, 


L. 4/3304 = —— = 1.68 12412 = 48, the root ſought. 


In a decimal fract ion, prefix to the index of its logarithm a figure 
leſs by one than the index of the power, and divide as above, Thus, 


I. Vn = =g.95835 33 = 90856, the root fought, 


ch. Any number of mean proportiorals, between any two given 
numbers, may be found thus: Let a = iſt, z = laſt number, n = 


number of pronortions ; then = — L. r, which added to L. a, 


1 
TABLE 


» times, gives the proportionals. 


- TABLE I. 


AND ANNUITIES. 


Wy 


_ _— 9 


Shewing the n of 1 1 for 
Days, 

Dys| per cent. 34 2 4 per £eDt. 4+ per cent. 5 $ pet cent. | 6 per cent.. 
L — 4 — 
1| 10000809 | 1.0000943| 1. 00 10001206 1,0001336| 1.001596 
2| 1.0001619 | 1. 00880 1,0002149 | 10002412 | 1,.0002673 | 1-0003193 
3] 1,0002429 | 1,0002847] 1.0043324 | 10003616 x-0004011 | 10004790 
4] 1. 0003240 1.9003770\ 1,0004399 | 1.000482 | 1,200; 348 | 1. 0006387 
5] 1,0004050 1. 004713] 1,0005374 | 1.000603 I. 0685 1.0007g85 

— 4 — — — — — — 
6] 1.000486 | 1.c00565 | 3.600645 1.000724 | 1.000802 1.000958 | 
7] 1.000567 | 1.060660 | 1.000752 | 1.0c0844 | 1.000936 | 1.001118 
8] 1.000648 | 1.000954 | 1,000860 | 1.000965 | 1.001070 | 1.001278 
9] 1.000729 | 1.000848 | 1.000967 | 1.001086 | 1.001203 | 1.001437 | 
10 7.000810 1.000943 | 1.001075 | 1.001206 | 1.001337 1.001597 
20] 1.001621 | 1.001886 | 1.002151 | 1.002415 | 1.002677 | 1.003198 
30 1.002432 | 1.002831 | 1,003228 | 1.003624 | 1-004018 | 1.004801 | 
40] 1.003244 | 1-003777 | 1:004307 | 1-004835 | 1.005361 | 1.006806 | 
5c] 1.004057 | 1.004723 {| 1,005387 | 1.006048 | 1.006705 | 1.008014 | 
60] 1.004871 | 1.005671 ,| .1-00646B3 | 1.007262 | 3.oo8052 | 1.009624 
3c| 2.006 1.00667 1.007550 | 1.008477 1. 0 | 1.918237 | 
80| 1.006499 | 1.0075 1.008633 | 1.009694 | 1-010751 | 1.013853 / 
90 1002315 | 1.008518 1.009717 | 1010912 1.012103 1.014471 | 
roo| x-008131 | 1.009469 | 1,01080 1012132 | 1,013457 | 1.016092 
120] 1.C09765 {| 1.011374 | 1,012978-| 1-014576 1.016169 | 1.019341 | 
140] 1. 01140 | 1,013282 | 1.015157 | 1.017c26 | 1.018890 | 1.022601 
too. 1.013041 | 1.01594 | 1-017341 | 1.019482 | 1.021617 | 1.025871 
180] 1.014683 1.0710 1.019530 | 1.021944 | 1.924352 | 1029152 | * 
200] 1,016328 | I. or qe | 1.021723 | 1.024413 | 1.027095 1.032443 
20] 1.017976 | 1.020951 | 1,023921 | 1026885 | 1.029844 | 1.035745 
240] 1.019626 1.022877 T.026124 | 1.029365 1.032601 1.039057 | 
260| 1.021278 | 1,024807 | 1.028332 | 1.031851 | 1035365 | 1.042380 | 
1.022934 | 1,026741 | 1.030544 {| 1.034343 | 1-038137 | 1.045713 
1.024592 | 1,028638 | 1.032761 | 1.036840 | 1-040916 | 1.049057 
320] I.026253 | 1.030619 | 1.934983 1.039344 | 1.043703 | 1.052412 | 
1.027916 | 1,032564 | 1.037210 | 1,041854 | 1046497 | 1.055778 
3600 I-029583 | 1.034512 | 1,039441 | 1.044370 | 1.049296 [1.69154 
365! 1.03 1.035 10 [1.0% 1 | 2-06 


} 


— 


H 2 


ä —— 
U 
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TABLE 
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' TABLE Il. Shewing the Amountof L. 1 for Years. 


THEORY OF INTEREST, 


— 


— cr ——————_ 


= —  — —_ —— — — 


_ - re. I per cent. 34 per cent. per cent. a per cent. 5 per cent. | 6 per cent. 
| 1 | 1.03 1.035 1. 1.045 1.05 1.06 

| | 210609 1.071225 | 1.0816 1.092025 1. 1025 1.1236 
= { 3 | 2.092727 | 1.108718 | 1.124864 | 1.141166 | 1.157625 | 1.191016 
| * 4 | 1.125509 | 1.147523 | 1.16g858 | 1.192518 | 1.215506 | 1.262476 
5 | 1.159274 | 1.187686 | 1.216 1.246182 1.276281 | 1.338225 

6 | 2.194052 | 1.22925 | 1.26532 | 1.30226 1.34009 1.41852 

7 | 1.229874 | 1.271228 | 1.31592 | 1.36086 1.40710 1.50363. 

$ | x.266770 | 1.3168x | 1.36857 1.42210 1.47745 1.59385 

9 1.304773 1.36289 | 1.42321 [1.48609 1.85133 1.68948 

10 | 1.343916 | 1.41059 1.48024 | 1.55296 1.62889 1.79084 

11 | 1.38423 | 1.45999 | 1.53945 | 1.62285 | 1.51034 | 1.89830 

12 | 1.42576 | 1-51T07 | 1.60103 | 1.69588 1.79585 2.01220 

13 | 7.46853 1.56395 | 1,66507 1.77219 1.88565 2.13293 

14 | 1.51259 | 1-61869 | 1.73167 | 1.85194 1.97993 2.26090 

15 1.55796 | 1.67535 | 1.80094 | 1.93528 | 2.07893 | 2.39656 

16 | 1.60472 | 1,73398 | 1.87298 | 2.02237 2.18287 | 2.54025 

17 | 1.65284 | 1.79467 | 1.94790 | 2.11337 | 2.29202 [ 2.69277 

18 | 1.70243 | 1.85749 | 2.02581 | 2.20848 2.40662 2.85434 

19 | 1.75350 | 1.92250 | 2.10685 2.30786 | 2.52695 | 3.02560 

20 | 1.80611 | 1.98978 | 2.19112 | 2.41171. | 2.65329 3.20713 

21 | 1.86029 | 2.05943 2.27877 | 2,52024 2.78596 | 3.39956 

22 | 1.91610 2.13157 | 2.36992 | 2.63365 2.92526 [ 3.60353 

| 23 | 1.97358 | 2.20611 | 2.46471 | 2.75216 3.07152 3.81975 
. 24 | 2.03279 | 2.28333 2-59330 2.87601 3.225 10 4.04893 
| | 25 | 2.09378 | 2.36324 | 2.66583 | 3.00543 | 3.38635 | 4-29187 
s | 26 | 2.15659 | 2.44595 | 277347 | 3.14068 | 3.55567 | 454938 
27 | 2-22129 | 2.531567 | 2.88337 | 3.28201 3.73348 4.82234 

28 | 2.28792 2.62017 | 2.99870 3.42969 | 3.92013 3.11168 

19 2.35636 | 2.711878 | 3.11863 | 3.58403 4.11613 5.41838 

30 | 2-42726 | 2.80679 | 3.24339 | 3:7453T | 4.32194 | 5.74349 

31 | 2.50008 | 2,905031 3.37313 3.91385 | 4.53804 | 6.08810 

"32 | 2.57508 | 3.00671 | 3.50806 | 4.08998 | 4.76494 | 6445338 

33 | 2.65233 | 341194 | 3.64838 | 4.27403 | 5.00319 | 6-84059 

34 | 2.73190 | 3.22086 3.79431 | 4,46636 | 5.25335 | 7-25103 

35 | 2.81386 | 3.33359 | 3-94609 | 4.66734 | SSt | 7.68608 

36 | 2.89828 | 3,45026 | 4.10393 | 4-87738. | 5.79181 8.14725 

37 | 2.985232 | 3.57102 4.26809 | 5.09686 6.08141 8.63608 

38 | 3.07478 | 3.69601 4.43881 | 5.32622 | 6.38547 | 9.15425 

39 | 3-16703 | 3.82537 4.61636 2885828 6.70475 | 9.70351 

40 | 3-26204 | 3.95926 | 4,80102 | 5,8163 7.03998 | 10.28571 

41 | 3-35989 | 4.09783 | 4.99306 | 6.07810 | 7.39198 | 10.90286 

42 | 3.46069 | 4.241 5,19278 6.35161 7.76158 | 11.55703 

43 | 3-5645t 4.38970 | 5.40050 | 6.63744 | 8.14966 | 12.25045 

44 | 3.67145 | 4-54334 [5.61651 | 6.93612 [8.55715 | 12.98548 

AS | 3-78159 | 4.70236 | 5.84117 | 7-24825 8.98500 | 13.764611 

46 | 3.89504 | 4.86694 | 6.07482 7.57442 | 9.43426 | 1459048 

47 | 4.01189 | 5.03728 6.31781 | 7-91527 | 9.90597 1546591 

48 | 4.13225 | 5-21356 | 6.57053 | 8,27145 | 10.40127 16439387 

| 49 | 4.25622 | 5.39606 6.83335 | 8.64367 10.92133 | 11.37750 

N 50 4.38390 | 5.58494 7.10668 | 9.03263 | 11.46740 | 18.42015 
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Table I. and II. ſhew the amount of L. 1 for 
days or years, and are conſtructed by Equation 
iſt, 41. whereby the tabular number » R. Or 
thus, Table I. is calculated by taking 364 mean 
geometrical proportionals, betwixt one, and the 
amount of L. 1 for one year, according to the 
ſeveral rates of intereſt, or, which is the ſame 
thing, by dividing the logarithm of R by 365, 
the natural number anſwering to the quotient 
will be the amount of L. 1 for one day; and this 
amount multiphed into itſelf continually will give 
the amount for any number of days. If a given 
number of days be not in the Table, divide it into 
two ſuch numbers as are to be found there, multiply 
their tabular numbers into one another, and their 
product will be the amount of L. 1 for the given 
time. In like manner, Table II. is conſtructed 
by multiplying the amount of L. 1 for one year, 
at a given rate, by itſelf continually, the products 
of which ſhew the amount of L. 1 for their cor- 
reſponding times. And if the time conſiſts of 
years and days, their tabular numbers muſt be 
multiplied into one another to form the amount 
of their ſum. From the nature of the Tables, 
I:n::þ:nþ=s, the amount of any principal p, 
for the time and at the rate correſponding to 2. 
Hence the following 


TABLE. 
Given. 
b. i, r, np. x being given, t is found 
1 = 2. oppoſite to 2; and / being 
6, r, p, : „ given, 7 18 found above x 
„ , d * =. in the tables. 


Ex. 1ſt, 


* 


62 THEORY OF INTEREST, 


Ex. 1ſt. What will L. 500 ambunt to in 15 
years, at five per cent. compound intereſt ? Here, 


15 = 2.07893 * 500 =. 1039. 465. 


Be. 2d. What will be the amount of L, 419.2965 
in the ſpace of 20 years and 9 . at 4 per 
cent. Here, | 


n XK 2.49265 = 2 o. 396666 
__ 419-2905- == GRACE ro 5 


1 anp = = 3 2029493 - IL. 1045. ooo: 


Ex. Ly 3d. What principal will amount to 
L; 1939-464. 1 in 15 years, at 5 per cent? ENS 


— 1039-464 __ 
— 2.07893 — L. Foo. 


2 
E. 8 At what rate of intereſt will L. 25 a- 
mount to L. 44.896 in the ſpace 12 years? Here, 


7 * = > 1.79585, found under 5 per cent. 


Ex, 5th. In what time will L. 300 amount to 
L. 500, at the rate of 5 per cent? Here, 


| += = 1.66666, correſponding to 10 years. 
d 2. = 1.0232, correſponding to 172 days. 


TABLE 


* 1 


W ul. 


L. 1 for Tears. 


AND ANNUITIES. 
Shewing the preſent Worth of 


863 


; 


|uawsr 


F > ts | 
— * ” 
* 


135 pr cent, 


L per cent 


44 pr cent. per cent q Per dent 


966183 
9335T0 


-9019432 |. - 
8714424 
£41913 1.53 


956948! 
915729 


876296 
Eier 


$9245T 


932381 
97029 
863837 
322702 


283526 


18% 
889996 


„835 19 
792093. 
+747258 


—_ 


OD den 


722421 
701379 
680950 
661117 

641860 


83 


78599. 
759411 
733731 
708918 


767895 


734828 
703185 
.672904 
643927 


746215 


70681 


676839 


644609 
613913 


— 


452, 

627412 
391898 
558394 


684945 
661783 


639404 .600 


617781 
596190 


616198 
589663 
564271 


+5 39973 
516720 


384679 
556837 
330321 


+505068 
481017 


526787 
499969 | 
468839 
44230 
417265 


623167 
.605016 
387394 
570286 
353675 


76706 
5512203 
338361 
520155 
502566 


404469 
473176 
.452300 


+433302 | 
473643 | 


| 458111 


436296 
415520 
. 


3768 


393646 
371364 
350344 
330513 
311804 


ö 


337549 


1521892 


.zo66g1 
-491933 
477605 


485571 
4690 
453285 
437957 
423147 


$33 396785 


1.390121 


375117 


37970 
35339 
347703 
332730 


2225 


441849 
2 


31006 
295303 


294155 
277503 
261797 
246978 
232998 


463 

01 
437076 
424346 
.411986 


41.408837 


ot: 
381654 


368748 


356278 


360689 
346816 
333477 
320651 
308318 


318402 
304691 
291571 
579015 
167000 


281240 


267848 
255093 
242946 
231377 


219870 
267388 | 
195630 

x84356 | 
74110 |. *. 


399987 
388337 
377026 
366045 
353383 


_ . 


3151 


499977 


460 
5058 
274094 
263532 
253415 


8 


25502 


.244500 
233971 
223896 
214254 


— 
— 


190355 
181290 


164255 
154957 
.146186 
137911 
130% 


345032 
334983 
325226 
315753 
306556 


289833 


280031 
270562 
26142 
252572 


243668 
234297 
225 285 
216620 


208289 


205028 
196199 
187750 
179665 
171928 


172657 
164435 
156605 
.149148 


142045 


12274414 
115793 

10923833 
. too ss 


972222 
Sa- 


297628 
288959 
280543 
272372 
264438 


244031 
235779 
227806 
220102 


212660 


200278 
192575 
185168 
178046 


171198 


164525 
157440 
450660 
144173 
137964 


135281 
128840 


122704 


116861 
111296 


205 468 
198520 
191806 
185320 
12287 


1464614 
158282 
152195 
146341 
140713 


132023 


126338 
120897 


115691 


.T10709 | . 


105996 
.tc0949 
096142 
-09I564 


91629 


.o6cgg8 f 


— — 0 
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whereby the tabular number 2 = 5 Or it is the 


TABLE. 
=> iven. Mr? 
een 4 l, 7, | þ = ns. 
nn Hon EE 2. 
4 5 T, P, Di fr 
IT ne. |. 


per cent. compound intereſt. 


Table Ill ſhews che preſent value of L. 1 for 
years, and is conſtructed by r ere 2d, 41. 


reciprocal of Table 11. whereby u of Table III. = 
＋ of Table II. From the nature of the Table 
1: : 14: u = p, the principal or preſent worth 
of 4, for the time and at the rate * 
to n. Hence che following 


Ex. 1. Required the preſent worth of L. 250 
due 10 years hence, diſcounting at the rate of 4; 


11 .643927 x 250 = L. 160 98175 211 Vor 


Ex. 2. In what time will L. 350 amount to 
L. 571-458, at 4 per cent compound intereſt! 


Here & = 2, = .61247. correſponding to 12 
years and an half. 


Theſe examples may, with equal facility, be 
determined by the equations annexed to Table Il 


Re. 


250 
f 4; 
7orth, 


nt to 
ereſt! 


o 12 


y, be 
ble II. 


Re- 
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Remarks upon Compound Intereſt. 


43. iſt. A ſum of money put out at compound 
intereſt ought, by the doctrine of fluctions, to 
accumulate every inſtant, at the rate of the in- 
ſtant; ſo as to reſemble an organized body in its 
gradual and conſtant increaſe. Upon this ſuppoſi- 


tion let / be the fluction of the rate, or the rate of 
the inſtant, "iS 


Then 1 +r= amount of L, 1 in one inſtant 
multiplied by 1 +r 


produces 12 +7 > = the fluction of that 
amount at the end of the firſt year ; whoſe fluent, 
Viz, 1+ 27 = amount of L. 1 at the end of the 


year. Hence the intereſt of money, when the 


times and rates are the ſame, will, when it accu- 
mulates every inſtant, be double to what it would 
be when it accumulates only once in the year. 
But as this mode might.elude the graſp of calcu- 
lation, and for the benefit of -all concerned, the 
accumulation of money hath been extended to 
the twelvemonth, and only takes place once in the 

year. | 
2d. Although there be no particular theorem 
for diſcovering the compound intereſt of a ſum 
of money diſtin& from'the amount, yet it may 
eaſily be found, being the difference betwixt the 
principal and the amount, In like manner, was 
it lawful to diſcount money on the principles .of 
compound intereſt, the diſcount might be found 
by ſubtracting the preſent worth from the ſum of 
the bill. | 
I 3d. II 
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3d. If the time be ſought in which a ſum of 
money will double itſelf at the ſeveral rates of 
compound intereſt ; in this caſe, as the amount is 
equal to twice the principal, PR = ap, Which 
gives R'= , and t = 14. Hence, 


23.45 — 3 
20. 149 32 
E 57 | 
5 = 2p, when f F158 — years at pe” per cent. 
; 14.2064 5 
11.98 6 
34.8860+ « 


4th. The amount of a ſum of money, ceteri: 
paribus, 18 always greater, and its preſent value 
leſs, upon the principles of compound than of 


ſimple intereſt, in A r of r, to 1-+tr; 
and of 12 . 0, —. And as this difference is 


very ponicerabie, ſeeing £2 years intereſt of the 


one is equal to — years zee of the other, the 
charging compound intereſt upon any bill hath 
been expreſsly prohibited by acts of parliament, at 
the riſque of forfeiting both principal and intereſt. 
Notwithſtanding of this, compound intereſt en- 
ters deeply into the tranſactions of men in their 
affairs of property. Thus, not only the ſale of an- 
nuities, and the purchaſe of perpetuities are cal- 
culated upon the principles of compound intereſt; 

but alſo where caſh- accounts are balanced, or the 
intereſt of money and tlie rent of an eſtate recei- 
ved yearly, there you have the advantage of com- 
pound intereſt, ſeeing you have the uſe, and can 
diſpoſe of that intereſt. 


CHAP. 


E HAF. VI. 


Of ANNUITIES computed at COMPOUND INTEREST. 


, Of the Amount of an Annuity in Arrears. 


44. IN computing annuities at compound inte- 
reſt, let a repreſent an annuity, penſion, or rent, 
&c. in arrears; then, ſince the firſt year's annui- 
ty bears no intereſt, the laſt year's annuity will 
be repreſented by aR ; and deriving a ſeries 
from the quantity a, in the ratio of 1: R, we ſhall 
have a + aR + aR* + R + aR+.. + aR'="=s 


which gives 5 = @ x 2. Hence the following 


TABLE 
T 
& f, N, Sax EN _——— Equat. 1. 
4 T, R, 4 K -— * © © 2. 
s, t, a, R- * 0 3. 
2 oh 
n 8 


38. — 2 u R. 38. 

ij—-a=Rs--aF. | 

R — = aR'—a. | is 

RI X 1=4aXKf=" 
but R=1 +7, Kc. 


Sought 5 in Equatian iſt. | 


Sought R in Equation 3. 
R—1Xa=Rs—xs 7 


85 s 
3 — — — — 
R 1=-—R 


| Sought t in Equation 4th 
| | 


| Ss 75 9 6 
LI & == +7, 
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Ex. 1ſt. It is required to find the amount of an 
annuity. L. 5.25 per annum, at the end of 3o 
years, reckoning intereſt at 4 per cent? Here 
a = 5. 25, t= 30, R= 1.04 and r =.04. 


—1 J. R. 170333 


42 
t 30 


= $:25 * == 


= L. 297.42 the amount. I. N= .z109990 = 3.2433 
I 


— — 


R — 12 2.2433 


Ex. 2d. Sought, the yearly annuity which in 
the ſpace of 15 years will amount to L. 1000, at 
the rate of 4+ per cent. Here, by Equation 2d, 


rx L. RR 0191163 


1 
P 15 


| 2867445 =1.93528 
45 * 1.0692 = L. 48.114 10 ==}, 
| L. . 93528 = 9.9709416 


93528 = R'—1 
I 


«0290584 = 1.0692 = 


Ex. zd. In what time will an yearly annuity of 
L. 48.114 amount to L. 1000 at the rate of 43 per 
cent. compound intereſt ? 


——— 


E ti th, 724 1 I. 1.93528 __ 32367443 13 
qua on 1 , 4 og I.ogs © 0191163 ©” 


yeaTrs. 


45. Given, the annuity, time, and amount; 
ſought, the rate of compound intereſt. In thus 
caſe, as R, in Equation 3d, is involved to a high 


power, and the Equation is of a mixed * 
' e 


SP > 
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1 the value of R may 
be found in this man- 
ner. The amount of 
an annuity may be 
conceived to be near- 
ly equal to the area 
of a geometrical fi- 
gure, having two of 

its ſides parallel and 
two of its angles right; 
whoſe leaſt breadth 

a, its 8 = aR'—1, and its height = =f. Hence 

s = atR==, nearly; which gives 5 = NR, and 


MOR men's nearly. 


OE TIE TY 10, 


aR— 


Ex. _ An annuity of L. 34-4 in arrears 12.5 
years, amounts to L. 614.4328; it is required to 
find the rate of intereſt allowed. Here 


L = 2 . 0269575 = JL. = 2. 7884743 
1,064=R = 1-+r= L. at 2. 6334685 
6 per cent. nearly. === 5.7 5)o. I550058(.0269575 

If greater exactneſs be deſired, let = = 6, then 


Hob arb —b=r corrected. Or thus “, 
Aſſume 


* The Rule of DovnLE Posrrion. 


- 


Let P and p, the two poſitions, and x the number ſought, be e- 
—.— iner ed or diminithed, by any operation of arithmetic, pro- 
ucing thereby M, m and Q, their reſpective reſults ; then it is ob- 
vious, that 


M P 
An: PSD: 221 þ _—_ 


Let 


X 
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Aſſume two poſitions, find their reſpective re- 
ſults, and work by the following proportion. 

As the difference of the reſults of the two poſi- 
tions : 18 to the difference of the poſitions : : ſo is 
the difference of the reſults of the firſt or of the 
ſecond poſition, and of the number ſought -:- to 
the difference of the firſt or of the ſecond poſition 
and number ſought. : 

Ex. th. An annuity of L. 20 per annum, 7 
years in arrears, is offered to be ſold for L. 180. 5; 
what rate of intereſt is allowed to the purchaſer 
in this bargain? Here R 1s ſought. 


iſt poſition, R = 1.08 .., reſult 178.456... error — 2-044 
. 2d poſition, R = 1.085... reſult 181.210... error + 0.710 
By the queſtion reſult 180.5co, diff. of rel. = 2.754 


hence 


Let M © 9 =R, and m © r be the errors of the two reſults 
Af and m, which are either ꝙ or — ; then 


R 9 rb 


M m= 3 when the errors are | alike. 


unlike. 


Ex. Suppoſe 2x + ＋ + 2 +3 = 20; ſought x. 


Iſt poſition, P M = 25 ©** + R=+5.0 
zd poſition, þ 6... 1 2 17.5. 7 = — 2.5 


ſought x „„ © = 20+. Men m=7:5 
hence, 7-5:3::5:2=P dx, which gives x = 7, when the errors 


+ and — are equal, — ='x: 


When the higher powers of the unknown quantity, x, are concern- 
ed in the queſtion, this method can only * an anſwer near the 
truth; ſeeing P* : h is in a duplicate, and P3 : , in a triplicate ratio 
of P: p. 

The above proportion is alſo the foundation of a ſecond well-known 
rule in double poſition. 8 | 


RULE 


th 
I! 
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hence 2.754 : .005 7: 2.044 : . 037, to be added 
to the ſirſt poſition, making R = 1.0837; which 
ſhews that the rate of intereſt is L. 8.37 per cent. 

46. When an annuity is paid, which is uſual- 
ly the caſe, every half-year, quarterly, or month- 
ly, its amount may be found by the Equation, 


1=4 x ; Here à is the half- year's, or quar- 
terly payment, R“ is the ſame as if the annuity 


— 


iQ 


-R U I. X. 


Divide the difference of the products of the two poſitions, multi- 
plied into their alternate errors, by the difference of their reſults, 
that is, by the difference of the errors, when they are alike; or di- 
vide the ſum of the products by the difference of their reſults, that is, 
by the ſum of the errors, hen they are unlike; the quoticnt in ei- 
ther caſe will give the anſwer Thus, i 


3 a { when the errrors are alike, that is both +, 


Men A or both —. . | 
+ when the errors are unlike, that is one + and 
Mumn=zRSÞ+r— X J the other —. ; 
Ex. When the errors are both +, or both —. 
1ſt poſition, = P, its error + Re 


2d poſition, = þ, its error r. 
x is ſought. 


F 


b | ＋ 


A — — 1 2 * — B 


Let the right line AB be conceived to terminate the true reſult by 
the queſtion ; then the errors-+ will fall above, and — below that 
line; the reQangles CD -þ CF = rP + Xp, are the products of the 


two 
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had been paid yearly, ſeeing R- for years is equal 
to R- for quarters; but the diviſor muſt always 
correſpond to the payments, and may be diſcover- 
ed by the following | 8 


TABLE. Shewing the Amount of L. 1 for the 
even Parts of a Year. 


D. 3 per cent. [3% pr cent.}4 per cent. [42 pr dent. per cent. 6 —— 
1 r.cooo8og8| I.0000942 1.0001074| 1.0097206} 1. 0001336 1.0001596 
1 7| 1.0005679 | 1.000660 | 1.00075 240 1. 0008445 I.0009361] 1.001118 
2 | 14] 1.001134 | 1.001320 |1-001505 | 1.00I690 | 1.001873 | 1.002238 
321 1.001472 T. 001981 f1.002258 | 1-002535 | 1.002811 | 1-003360 
4 | 28/1. 002270 | 1.002642 1. 03012 | 1.003382 | 1,003750 | I-004480 
I 1.002466 | 1.002871 |r.003274 | 1.003675 | 1.004074 | 1.004867 
3113 1.007417 | 1.008637 | 1.009853 r. 11065 | 1.012272 | 1.014674. 
6126] 1.014889 | 1.017350 | 1.019840 | 1.022253 | 1.024694 | 1.029563 
9139 1.022417 1.026137 1.029852 [2:233564 1.037270 | 1.044671 
12 | 52 1365! 1.03 1.035 1. 04 1. 045 1.05 1.06 


In this Table, which is the ſame in conſtruction 
with Table I. whilſt the tabular numbers ſhew R 
the amount, the decimals point out 7 the intereſt 
of L. 1 for their correſponding days, months, or 
quarters, at the ſeveral rates of intereſt. 

Ex. 1ſt, A ſervant, who was engaged to ſerve 
at 58. per week, after 7 years received his wages, 
with intereſt upon the weekly payments, at the 


two poſitions multipled into their alternate errors, and 4 © þ is the 
difference of theſe products. But a=þp x R r, which gives = 
b and b =P pxr. Again, by the above proportion, M c n= 


| . b 
Rar:iPaop::r:þ ox; which gives r =p Ox. Hence Fa 
=(p© FTx=) x; that is, the difference of the products, when 
the errors are alike, divided by the difference of the errors, will quot 
the anſwer. In like manner it might be ſhewn, when the errors are 


unlike, that 2 (te — 2 Ox) x. 


rate 
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rate of 5 per cent. per annum; ſought, the amount 
of his wages, and intereſt thereon. Here a = .25, 
R. = 1. 40/1 and r = .000936. Hence, 
R.—1 4071 
& — 28 25 * Hoss 
Ex. ad. A failor, being engaged for a voyage of 
6 years, at the rate of L. 1, 10s. per month, at 
his return to port, received his wages, with inte- 
reſt upon his monthly payments, at the rate of 4 
per cent. per annum: Sought, the amount of the 
whole. 


L. 108. 734. 


Here a = 1.5, R=1.04 14. I. 26532, andr=.003274: 


26532 


= 1.5 e 1 121.557. 


Rt 
Hence a * 


Ex, 3d. What will an annuity of L. 17.5, pay- 
able every quarter of a year, amount to in 5 years, 
at five per cent per annum ? Here, 


a=17.5, R 1.05 = 1-27628, and r = ,012272, 


Hence 17.5 x S L. 393 ·977. 

In like mannner, mutatis mutandis, may a, t, and 
R be found from the other equations of 44th, 
when the payments are made every half * 
quarterly, &c. 


2d, Of the preſent Worth of an Annuity computed at 
Compound Intereſt. 


47. Let þ repreſent the preſent worth of an an- 


nuity « a; then, ſince 1: the preſent worth of L. 1, 


as a: F, this at the ** of one year will be the 


preſent worth of a; and deriving a ſeries from 
the 


. 
c \s 
[3 
: * 
7 
g n 5 
P * 
1 n 
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4 — 
7 — 
8 4 « 
17 f 
o 
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Ex. 11h, 


In 


the 8 # in the ratio of 1: K, we ſhall iy 
have + + +; 272 — 7 — R.. . + Þ = þ the Pre- ke 
ſent worth of the annuity a, which gives P = a x 
1 1 
. 4 x — E. Or thus, the ſeller, when the om 
annuity ceaſes, has PRs : 2 purchaſer, at the 1 
end of the time, has a x , but by ſuppoſition 
PR. = ax ==, which 3 = =4 x 
— W. 
] — Xx . | 
. Hence the following " 
TABLE pu 
: | 3 | th 
Given. | 4 pu 
t, N, eee 43, Equation 1 
a, 7, N 5 pu — 7 wy q X 
pP. f, R, a rp * | "= 
| 1— — ; 2. ye 
3 pe pe 
P. f, a, 1X NN TIN. 3. 
1 Ge Rs 7x 
Py r, 4, r= 1 4» 
Sought þ in Equation 1ſt. Ry . $a ER 
38 AR. F ty 
i U 
. * 1 += 7. K E. co 
| Rp — p=a— 3 Sought ? in Equation 4th, E 
WM RE: CRATE 3 0 . ; 
8 PL 9 Zo PRESS Be 
Sought R in Equation zd. a 7 S4 — p. 6 
30% — 1 4. K = R, and f &c, $0 
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Ex. 1ſt. What is the preſent worth of an year- 
ly annuity of L. 20 to continue 20.75 years, rec- 
koning intereſt at 4 per cent ? 


1 
1— — 
R 5988 
n = =L. Rt = 3966632 1.00 


. 12 9.6033368 Soo. 401178 


— 


L 266.14 the preſent value, 1 — - = 598822 


If the years purchaſe which an annuity is 
worth, be ſought; they are manifeſtly equal to 
the number of times the annuity is contained in 

its preſent value. So that , the number of years 


1— 5 


E n of Table V. Thus in 


purchaſe, = £ = 


r 


the make = = 5992 = 13.307 = years 
purchaſe. 


Ex. 2d. A gentleman is willing to ſpend L. ooo 
upon the purchaſe of an annuity, to continue 15 
years, being allowed diſcount at the rate of 45 
per cent.; ſought, the annuity. 


=45 * 2.096 = IL. Rf = .2867445 1.00 
4. * 229.7132555 0.51672 


32 — 


3 


== L.93.114 annuity. 122 48328 = 9.684988 
ET 2 Re 2.0962 = 3158012 


Ex. zd. Sought the duration of an yearly annui- 


ty of L. 80, whoſe preſent value is L. 800; diſ- 
counting intereſt at 5 per cent.: 


L.a—L.a—rp — 3010300 — VE 
Here = r 14 Years 75 days 


48. Given, the annuity, its preſent worth and 
time; ſought, the rate of intereſt per cent. 

Caſe 1ſt, If the number of years be great, as 
40 or upwards, and if the rate of interelt be high ; 
in this caſe, +; will be of ſmall value, and 7 r. 

K 2 with 
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with this rate find the preſent value of the rever- 
ſion of the annuity, viz. 7Þ = x; then A r, the 


rate ſou ght. 


Ex. 4. Suppoſe a = L. 70, p = L. 1321. 3028, 
Wo 59 years; ſought 7, the rate of intereſt. 


=,052978 = r; 75 — 115 L. 62. 844 2 x, the 
5 and —.=.05057=r corrected 5 per 
cent. 


+. Caſe 2. If the number of years is ſmall, as 20 
or under, the rate may be found thus: 

The preſent worth of an annuity may alſo be 
conceived to be nearly equai to the area of a geo- 
metrical figure, having two of its ſides parallel, 
and two of its angles right ; its greateſt breadth 


=2, its leaſt , _ its N =f; hence p= 


"LOW: +1 
771, which gives * =1-+r, nearly. 


Ex. 5. Suppoſe a=L. 20, þ=L. 220, and i= 
21 years. Sought, the rate of intereſt allowed. 


L. at, =2.6232493 
+co. L. p. 7.6575 773 


. 11) 0. 2808266 {.0255297=1.0605= 
=1r= 16 per cent. If greater accuracy be 5 
3 let b, then ö bb Dr corrected. 


Theſe two caſes may allo be reſolved by the Rule 
of double poſition. 


Ex. 6. Suppoſe a=L. 20, PL. 100, and i= 
7 years; ſought, R. 


iſt 
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1ſt poſition, R=1.09... reſult 100. 2 . . error . 659 
2d poſition, R 1.0925. reſult 99.82... error — . 180 


Per queſtion. reſult 100. diff. of reſultg. 839 


Hence, . 839: 0025: : . 180: . oo05 36 difference 
between the 2d poſition and R; but ſeeing, in this 
queſtion, rhe greater the intereſt is, cæteris paribus, 
the leſs will be the reſult, this difterence muſt be 
deducted from 1.0925, making R = 1. 091964 3 
which gives p L. 99.9989. 


49. When an annuity is paid every half year, 
quarterly, or monthly, &c. its preſent value may 


be found by the equation P & * 


Ex. What is the preſent worth of an annuity 
of L. 5 paid every quarter, to continue 204 years, 


reckoning intereſt at 4+ per cent.? Here a= 4. 


83 
S and r . o1 1065; hence 5x == 


L. 270. 59, the preſent worth. 


By comparing this with Ex. 1ſt, 47. it appears, 
that an annuity paid every half year or quarter- 
ly 18 more valuable than when paid yearly. See 
Chap. VIII. Prob. XX. 

In like manner may a, 7, and R, be found by 
the other equations of 47th, when the payments 
are made every half year, quarterly, or monthly. 


34. Of the preſent Worth of an Annuity in reverſion. 


50. When an annuity is to commence after a 
certain number of years, (n) and then to continue 
for a certain time, (7) its preſent value is found 


by 
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by ſubtracting the preſent worth for 1 years, 
1 


1— — 
* ＋ 


r 


from that for T years: thus, ax 


. 


„ p. Or, divide the preſent value of the 


r 
annuity at its commencement by &, the quotient 


— (7 


1— oo 


& a f = Zit >=, 
gives p: Thus, ax —Z =ax F-. Hence 
the following 
TABLE. 

Given. [os | ＋ of 1— _ $f 2 
j as n, t, R, Pp AN = Equation 1. 
12» n, t, E, r. | 2. 
5 1 n a 
E 44 . 3. 

* | 

I. a L. a -T 
P: 12 n, a, 122 — L - | . 4- 
La—=—L rp 

le, R, f, a, Ina ER 5” 


Ex. 1. There is an yearly annuity of L. 30, 
which, commencing after the expiration of a leaſe 
of 10, is to continue 19 years; it is required to 
find the preſent value thereof, reckoning intereſt 
at 5 per cent. Here a= 30, 2=10, t=19, and R 
21. O5: Hence 5 S 30 & 335 =L. 222.58, the 
preſent value. 


Ex. 2, An annuity, which, commencing 12 


years hence, is to continue 20 years, being ex- 
poſed 
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poſed to ſale, ſold for L. 250. Reckoning intereſt 
at 4 per cent. ſought the annuity. 


Here P 250, 1=12, IS 20, R=1.04, ſought a 
L. rR*þ =1.2044002 | 
Equ. 2. I. _—- = 2647102 
ae” 1 


1.4691104=L. 29-4517, the ann. 


Ex. 3. When 12 years of a leaſe of 21 years 
were expired, a renewal for the ſame term was 
granted for L. 500; 8 years are now expired, and 
for what ſum muſt a correſponding renewal be 
made, reckoning 5 per cent. compound intereſt ? 
Here, 


1ſt, Given p=500, , /=12, R=1.05, ſought a 
Equ. 2. PX 2 * Foo SY =L. 87.5, the ann. 
2. Given a=87.5, n=13, 18, ſought 5. 
Equ. 1. a = 2287.5 = L. 299.9, the fine. 
When a, p, u, and f are given, R may be found 
by approximation: Thus, let T zA I, then 
Iv - =R=1+-r nearly. If greater exactneſs be 
defired, let =, then b bb—2rb is exceed- 
ing near the value of . 


Ex. Ath, An annuity of L. 40 per annum, being 
in poſſeſſion for the term of 21 years, for L. 80 
paid down can be prolonged for 10 years more, or 
to 31 years; what is the rate of intereſt required? 
Here 4 = 40, p=80, u 21, and Ig 10, ſought R. 


L. 4 
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L. at = 2.6020600 © T=qp+i=53 
co. L. þ = 8.0969100 


== 26.5) 0.6989700 ( 00263762 =L.i+r =1,062616. 


26246 
b—2rXb=3-114768 X 3-24 10. 091848 = . ·275. 
| þ = 3-24 
zb = 3.176767 


063233 r, the rate ſought. 


Ex. 5. Given a=L. 87.5, PL. 500, n=9 years, 
R=1.05, ſought t, the time of the annuity's con- 
tinuance. | 


Equ. 


2542796 
4. 5411893 


=12 years. 

Ex. 6. Given a=L. 20, p=L. 145.836, f= 12 
years, R=1.05, ſought , the number of years 
prior to the commencement of the annuity, 


0847572 
Equ, 5. 551189; — 4 years, 


of 
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Of the Renewing of Leaſes for a certain Number of 


Year Sy 


A TABLE, ſhewing the Fine for renewing of 
any Number of Years elapſed in a Leaſe of 21 


Years. 
[ans 28 . per cent. 6õ per cent. |8 percent. o per cent.) 
% n 
1 o. 1000 | 0.3590 | 0.2942 [. 1987. 1352 
2 0.2118 | 0.7359 | 0.6060 o. 4122 | 0.2848 
3 | ©0-3364 | 1.1317 | 0-9365 | 0.6489 | 0.4473 
4 0.4754 | 1.5471 | 1.2869 | 0.8942 | 0.6272 
5 0.6306 | 1.9834 | 1-6583 | 1.1544 | 0.8250 
1 og 2.4415 | 2.0419 1.4563 | 1.c426 
7 1.0200 | 2.9226 | 2.4691 [1.7726 | 1.2820 | 
8 [| 1.2121 | 3.4276 | 2.9114 | 2.1120 1.5454 
9 1.4525 | 3-9576. | 3.4803 | 2-4807 | 1.8350 
10 1.7210 | 4.5148 3.8772 | 2.8779 2.1437 
11 2.0205 5.0995 4-4040 3.3067 2.5042 
122.3446 5734 49624 347639 28897 
13 2.7275 6.3580 | 5.5543 | 4:2702 33038 
14 3.1435 7.0349 | 6.1817 4810437803 
is | 3-6077 7.7456 6.7468 6.3939 | 42935 
16 4-1258 | 8.4917 | 7-5417 | 6.0241 | 48579 
17 | 47038 | 9-2752 | 8.2990 | 6.7047 | 5.4789 
18 5.3488 [10.0980 | g9.cg11 7.4397 6.1619 
19 | 6.0686 |1c.9618 | 9.9207 | 8.2336 | 6.9132 
20 6.8716 [1.8678 [10.8107 9.0809 | 77390 | 
21 7.7682 12.8212 11-7641 10.2168 | 8.6487 5 my 


In the conſtruction of this table, let » be the 


number of years in e, or yet to run by the 
leaſe, f the time elapſed fince its commencement; 
then from the preſent value of L. 1 annuity for 


L n+t 
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2+ years, at a given rate, ſubtract that of an 
annuity for x years; the remainder MN, the ta- 
bular number exprefling the fine for . renewing 
the leaſe; the yearly rent being L. 1. 


Ex. There is a leaſe of church-lands, for the 
ſpace of 21 years, at L. 70 per annum, whereof 
14 years are expired: It is required to know what 
fine ought to be paid, to have the ſame renewed, 
reckoning intereſt at L. 11: 11: 84 per cent. 

Let a expreſs the rent, and N the tabular num- 
ber for 14 years; then 


aN=70X 3.1435 L. 220.045, the fine required. 


When the length of the leaſe is different from 
21, ſuppoſe 31 years, whereof 7 years are elapſed: 
In this caſe, from the preſent value of L. 1 an- 
nuity for a. (=31) years, at a given rate, Tab. 
V. ſubtract that of an annuity for » years yet 


to run; the remainder will ſhew the fine for re- 


newing the leaſe, ſuppoſing the rent to be L. I. 

When the fine for the whole leaſe is a given 
ſum, for inſtance L. 500; ſee Ex. zd; find a, the 
annuity which that ſum will purchaſe, at a given 
rate, during the currency of the leaſe; then 4 
multiplied by NM, correſponding to the years elap- 
{:d, will produce the fine, 


4th, Of the preſent Worth of the Reverſion of an An- 
| nuity. 


51. The reverſion of an aunuity being the ſame 
with a reverſion in fee-fimple, which is to com- 
mence alter a certain time, 1, = the duration of the 
annuity, ita preſent value may be found by ſub- 

tracting 
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tracting the value of the annuity from that of the 
perpetuity, the remainder gives the reverſion : Or 
rather thus, Divide the preſent value of the per- 
petuity, viz. =(56.) by R., the quotient gives the 
reverſion ; thus p, the reverſion. | 


Ex. , Sought the reverſion of an yearly an- 
nuity of L. 20, which is to continue 12 years, 
reckoning intereſt at 5 per cent. 


„ 
rt 0897925 


= L 222.735, the reverſion. 


Ex. 24, Sought, the reverſion of an yearly an- 
nuity of L. 40, which is to commence 21 years 
hence, and to continue 10 years, reckoning inte- 
reſt at 6 per cent. Here a=4o, »+t=31, and 
R=1.06. 

a 


O 
EF 1. 109.5, the reverſion. 


See reverſions more fully treated of in 57. 


52. The ſeveral particulars reſpecting annuities 
at compound intereſt may more readily be found 
by the help of the three following tables, where- 
in are calculated the amount and preſent value of 
L. 1 annuity for years, at ſeveral rates of com- 
pound intereſt. ; 


— = 
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TABLE IV. Shewing the Amount of L. 1 Annuity 


for Years. 


1 1. 

2 2.03 

3 } 3-0909 

4 | 4.18363 
5 | $-30913 

6 

7 

8 


_— 


6.46841 
7.66246 
8.39233 

9 | 10.15911 
to | 11.46388 


TT — — 


1x | 12.80779 
12 | 14.19203 
13 | 15.61779 
I4 | 17.08632 
I5 | 1859891 
16 | 20.15688 
17 | 21:76158 
18 | 23.4443 
I9 | 2511687 
20 | 26.87037 


21 | 28.67648 
be 30.53678 


23 | 32-45288 
243442647 
25 | 36.45926 


frre. 3 per cent. | 3F per cent. 


6.55015 
7.77941 
9.05168 
10. 36849 


11.7339 


13.14199 
14.60196 


20.97103 
22.7050 


30. 26947 
32. 32890 
3446041 
36.6665 3 
38.9498 


12400611 


13.48635 
1 *. 25 80 
16.62684 
18.297191 
20.0238 


21.8245 
23.69751 
25.64541 
27.67123 
29-7 7810 
31.96920 
34-24797 
36.61789 
39-08260 
41.64591 


26 | 38.55304 
2740. 70963 
28 | 42.93092 
29 | 45-21885 
30 | 47-57541 


31 5o. 00268 
32 | 52.50276 
33 SS 7784 
34 | 57-73017 
35 | 60.46208 } 
36 | 63.27594 
37 | 66.17422 
38 | 69.15945 
39- | 72-23423 
| 49 75.40126 


41 | 78.66330 
4 42 | 82.02320 
| 43 | 85.48 390 
44 | 89.0484 
45 | 92.71986 


2 96. 50146 
47 too. 39650 
| 48 |104.40839 
49 [108.54065 


—— — 


88.50954 


0 |[112.79686 


41.31310 
43-75906 
46.29063 
48.91080 
50.62267 


$4-42947 
57-33450 
60.34121 
63.4531 
66.67401 


70.007660 
73.4787 
77. 02889 
80.7 2490 
84.5 5028 


92.097 37 
96.84863 


101.2381 
105.78167 


t 10.484303 
11535097 
20. 38825 
125.60184 
r20.99791 


44-31174 
47-08421 
49.96758 
52.96628 
5608494 


59.32833 
62.70147 
66.20953 
69.85791 
73.065222 
77-59831 
81.70224 
85. 97033 
90. 40915 
95. 02551 


99.8264 
104.81959 
110.01238 
11541287 
12102939 


126.87056 

132.94539 
139.263 20 
14583373 


12.28821 


13.847118 
15. 46403 
17.1599 
18.9321 
20.7 8405 


———— — 


22.71933 
24.7417 
26.85 508 


33.78313 
36. 30338 
38.93703 
41.689 19 


44-56521 


| 47.57064 


50.71132 
83.972333 
57.423033 
61.0707 


64.7238 
68.66624 
72.75623 
77. 3025 
81.49662 


86.16396 
91.04134 
96.13820 


10146442 
to. 3032 


112.84668 
118.92478 
125.27640 
13191384 
138.84996 


— — 


146.0982 1 


15 3.67263 
161. 58790 
169. 85935 


4 per — . per cent. 5 per cent. 


* 
2.05 
3-1525 
4.31013 
5.52563 
6.80191 
8.14201 


954911 
11. 02656 


12. 57789 


14.20678 


15.9172 
17.71298 


23.65 749 
25. 84036 
28.13238 
30.5 3900 


33.006595 | 36-78559 


3571925 
38.50521 
41.43947 
44-30199 
47-72709 


$I.,J1345 
54.66913 
58.40258 
62.32271 
66.43884 


70.76079 
75:29883 
80.06377 
85.06696 
90.32031 


95.83632 


101.62814 
107.70954 
114.0950 
[20.79977 


127.83976 
135. 23175 
142-99333 
I51.14300 
[59.70015 


— mmm | — ä V — 


168.685 16 
178.1711942 
188.025 39 
19 8.42666 


6 per cent. 


——— 
—— 


4.97164 
16.36994 
18.38214 
21.01506 
2327597 


25.6727 
28.212883 
30. 90565 
33-75999 


39-99273 
43:39229 
46.99583 
50.8r557 
54-86451 


59.15638 
63.70576 
68.52811 
73-63979 
79.05818 


84.8167 
90.88977 
97-34316 
104.18375 
111.43478 


119.12036 
127.26812 
35. 90420 
145.5845 
154.76196 


165.04767 
175-95053 
187.50756 
199.75 801 
212.74349 


226. 508 10 
241.9858 
256.56449 
272.95836 
290.3386 


65 2.66708 


178. 50303 1229-34799 


— 


— 


x 


bo 


AND ANNUITIES, 55 


Table IV. Shews the amount of L. 1 annuity ; 


and is conſtructed by Equation 1ſt, 44 ; Oey 


=1'X —. Or thus, ſeeing 


I Sa Samount for 1 year. 
AR =b= for 2 years. 
b+R* == for 3 years. 
c+R3 =d= for 4 years, &. 


Hence, to 5 x, the firſt year of this table, add 
the firſt year of Tab, II. their ſum is the ſecond 
year of this table, to which add the ſecond year 
of Tab. II. their ſum will be the third year of this 
table, &c. From the nature of the table, 1 : N:: 
4 Na=s, the amount of any annuity a, for the 
time and at the rate correſponding to NM Hence 
the following 


TABLE. 


| "Given | 
a, f, 7, s = Na, r being given, # is found op- 
| 4, h r, [4 Fe poſite to IV, and ? being given, 
| | r is found above N in the Ta- 
S E, a, ; 
J, VT, 4, * ; 


Ex, 1}. Given, a=L. 80, t=20 years, and the 
rate 4 per cent.; ſought the amount. Here, 


| Na=29.7781x 80=L. 2382.248, the amount. 


2 
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Ex. ad. Given, s=L. 1000, t=15 years, and the 
rate of intereſt 5 per cent. ; ſought, the annuity, 


1000 11 
* 10570 =L. 46 3423, the annuity. 


Ex. 3d. Given, . 48.114, s=L, 1990, and 
1 5 years} ſought, the rate of intereſt. 


4 


2 11 20. 7840 mM for 15 years, correſpond- 


ing to 4+ per cent. 


Ex. 4th, Given a = L. T5; . 419.297, 
and the rate 4 per cent.; ſought, the time of con- 
tinuance. 

= g= 79.8661 =N for 47 per cent. correſ- 


* 5.25 


ponding to 34 years; and for the odd days ſay, 


81.49662 79.8660 
77. 03025 77-03025 


as 4.46637: 1: : 2.83585 :.635 = 232 days. 


TABLE 


Tf 
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TABLE V. 

| —, 3 per cent. E pr ceut. 
1 | 0.97087 0.96618 
2 | 191347 | 4.89969 
3 | 2.82861 | 2.30164 
4 | 3-71710 | 4.607308 
5 4.57971] 4.51505 
6] 5.41719 | 5.32855 
7 | 6.23028 | 6.11454 

| 8] 7.01969 6.87395 
9 | 7.78611 | 5.60768 
19] 8.53020 | 8.31660 
It | 9.25262 | 9.00155 
12] 9.95400 | 9.66333 
I3 | 10.63495 | 10. 30274 
14 | 11.29607 | 10.92952 
Is | 11.93793 | II.51741 
16 12.5610 | 12.09412 
I7 | T3.16612 | 12.65132 
18 | 13.75351 | 13.18968 
19 | 14-32380 | 13.70983 
20 | 14-87747 | 14-21240 
21 | 15.41502 14.6979 
22 | 15.9369 1 | 15.16712 
23 | 16.44360 | 15.62041 
24 | 16.93454 | 16.05336 
25 | 17.41315 | 16.48151 
7 1— — 3 
26 [17.870684 [16.890357 
27 | 18.32703 | 17.28536 
28 | 18.76411 | 17.66702 
29 | 19.18845 | 18.03576 
30 | 19.60044 | 18.39204 
31 20,0043 | 18.73627 
32 | 20.38376 | 19.06886 
33 | 20.76579 | 19.39020 
34 | 21.13183 | 19.70068 
35 | 21.48722 | 20.02066 
36 | 21.83225 | 20.29949 
37. | 22.16723 | 20.57052 
38 | 22.49246 | 20.84108 
39 | 22.803821 | 21,10250 
40 | 23.11477 | 21.35507 
4T | 23.41240 | 21.5990 
42 | 23.70136 | 21.33488 
43*] 23.9890 | 22.06269 
44 | 24.25427 | 22.28279 
45 24.51871 | 22.49545 
46 | 24.77545 | 22:70092 
47 | 25.02471 | 22.39943 
43 | 25.26671 | 23.99124 
49 | 25.50165 | 23.27655 
| 50 | 25.72976 | 23.45562 


4 per cent. 


11.675229 
12.165667 
12.65 929 
13.13394 
T 3.59032 


14.92916 
14.45I11 
14.85684 
15. 24696 
15. 62208 


15.938276 
16.32958 
16.66306 
16.98371 
I 7.29203 


—— 


I7.58849 
17.87355 
18.14764 
18.411179 
13.664641 


18.900828 


19.992305 
20. 18562 
20.37079 
20.54384 
20.7 2004 


20.8846 5 


21.04 293 
21.195613 
2134147 
21.482138 


Shewing the preſent Worth of 
L. 1 Annuity for Years. 


[43 pr cent. E per ccut. | 6 per cent; 
0.95694 | 0.95232 | 0.94339 
1.37267] 1.85941 | 1.33339 | 
2.74%96 | 2.72325 | 2.67301 
3-58752 | 3:54595 | 3-46510 

4.38997 | 4-32947 4-21236 | 
8.1578) 5.07569 4.91732 | 
5.39270 | 5.78637 | 5.58238 
6.59588 | 6.46321 | 6.20979 
5.26879 | 7.10782 | 6.80169 
7.91272 | 7.72173 7.39908 | 
8.52892 8.30641 | 7.38687 
9.11358 | 8.36325 | #.38384 
9.68285 | 9.39357 | 8.35268 

10. 22282 | 9.89264 | 9.29492 
I10.73954 | 10.37966 | 9.71225 
11.23401 | 10.383776 | 10.10589 
I1.70719 | 11.27406 | 10.47726 
12-15999 11.689583 10.82760 
12-59329 | I2,08532 | II.I5612 | 
13-00793 | 12.46221 | 11.46992 | 
13.40472 | 12.82115 | 11.76407 | 
13-78442 | 13.16300 | 12.04158 
14-14777 | 13-48857 | 12.30338 
14.495648 | 13-79864 | 1255036 - 
14-$2821 | 14-09394 | 12.78335 
15. 14661 | 14.37518 | 13.00316 
I5.45130 | I4-64303 | 13-21053 
1.74287 | 14.89813 | 13.40616 
16,02189 | 15.14107 | 13.59972 
10.2888 | 15.37245 | 13.76483 
16.54439 | 15.59281 | 13.92910 | 
16.78889 | 15.80267 14. 08404 
2286 | 16.c0255 | 1423023 
17.24676 | 16.19290 | 14.36814 
17.46102 | 16.37419 | 14.49824 
17.66604 | 16.54685 | 14.62098 
17.86224 | 16.71128 | 14.73678 
1.04999 16.807 89 14.84602 
13.22965 | 17.01704 | 14-94907 
18.401358 17.15 908 5. 04629 
18.56611 | 17.29436 | 15. 13802 
18.723855 | 17.421320 | 15. 22454 
18.387421 [17.5459 [ 15. 30617 
19.1838 | 17-66277 [1.38318 
19.715634 | 17-77406 15.426583 
19.28837 17.388006 [15.5 2437 
T9.41471 | 17. 98101 [1558902 
19.653560 18.077151. 65002 
19.656130 ] 15.106872 15. 70757 
r9-76201 | 8.25592 15. 76186 


— — 
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Table V. Shews the preſent value of L. 1 an- 
nuity, and is conſtructed by Equation 1ſt, 47, 


whereby NIX. #=the number of years pur- 


r 


chaſe an annuity is worth: Or thus, Seeing 


YES 
xF =a=Preſent worth for 1 year. 


FE: 5 24 


for 2 years. 
for 3 years. 


for 4 years, &c. 


Hence the firſt year in this table and in table. 
III. are the ſame, the ſum of the firſt year in this 
and of the ſecond in Table III. makes the ſecond 
in this, and the ſum of the ſecond in this, and of 
the third in Table III. makes the third year in 
this table, &c. From the nature of the table, 
I: M:: 4: Na gp, the preſent worth of any an- 
nuity a, for the time, and at the rate correſpond 
ing to N. Hence the following 


/ 


TABLE. 
G 1ven 

, r, b = Na 
> l, 7, a = & 
, I, a, wt 
P; 75 24 858 


Ex. Iſt, Given a=L. 50, t=15 years, and the 
rate 5 per cent.; ſought the preſent worth. Here, 


Na 10. 37966 XK 50=L. 518.983=þp. 


*. 
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f 


Ex. 2d, Given, p=270, t=50, and the rate 3 
per cent. ; ſought, the annuity, Here, 


F= NI. 10.493685, the annuity. 


Ex. 3d, Given, a=L. 100, PL. 1037. 966, and 
t=15 years; fought, the rate of intereſt, 


2 = 10. 37966 M for 15 years, corre- 
ſponding t to 5 per cent, 


| Thus, as far as the tables extend, may theſe 
difficult equations be reſolved, where Ris ſought 


in Equation 3d, 44. and 47. and where it is in- 
volved to a high power. 


<-> Rey —A—— —— . 


— . We Vn———_ a 


| 


— 
_— 
— 
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TABLE VI. Shewing the Annuity which L. 1 will 
purchaſe. 
Yrs, j3 per cent |,-per cent 4 per cent. a Aper cent. 5 per cent |5 per cent. 
I | 1.03 1.035 1.04 1.045 1. 05 r. 06 
2 | 522610 | 526400 530196 .533997 | 53780645437 
3 | -353530 | -356934 | -360348 | .363773 | -367208 | .374109 
4 | .269027 | -272251 | .275490 | 278743] .282011 | .288591 
5 | .218354 | 221481] .224627 | .227791 | .230974 | .237396 
6 } .184597 | .187668 | .19076z2 | .193878 | ,197016 | .203362 
7 | .160506 | .163544 | -16660g | 169701 | .172820 | .179135 | 
3838142456 | .145476 | -148527 | .151609 | .154722 | .161036 
9 | .128434 | .131446 | 134493] 137574 .140690 | .147022 
Io | .117230 | .120241 | .123291 | .126378 | .129504 | .135868 
1x | .t08077 | .11T092 | 114149 | .117248 | .120389 | .126793 
| 12 | 0046203484 106552109666 | .112825 | 419277 
13 .094029 | 097061 | 100143 103275106455 | .112960 
14 .o88526 | .091570 | 94669 .097820 | 101024 107584 
15 | 083766 | .086825 | 89941 | .093114 | .09634% | .102962 
16 } .079611 | .082684 | .o85820 | .o8gors 22 9895 
r7 | -075952 | 079043 82198 085417 8099 | -095444 
18 | .072708 | .075816 | 078993 | .082237 | .085546 | .092356 
Ig 069813 72940] .076138 | 079407082745 089620 
20 067215 .07036r | 73582 076876 | 080242 | 087184 
21 064871] 068036] .071280 | 74600] 077996 | .o85004 
22 | .062747 | .065932 | 069198 | ,072545 | 075970 | .o83045 
| 23 60813 .064018 | .067309 | .070682 | -074136 | .081278 
24 | .059047 | 062273 | 065586 | 068987 | -072471 | .079679 
"25 | 057427 | 060674 | .064012 | .067439 | 070952 | 078226 
26 | .055938 | 059205 | 062567 | ,066021 | 069564 76904 
[27 | 054564 | 057852 | 061238 .064719 | 068292 075697 
| 28 | .053293 | 056602 | ,obootg | .c63521 | .067122 | 074592 
29 052114 | -055445 | 058879 | 062414 | 066045 73579 
30 |] .oz 1019 054371 | .057839 | 061391 | .ob5o51 | 072649 
31 | .049999 | -053372 | 056555 | 060443 | .c64132 | 071752 
} 32 | ,049046 | .05244T | .055948 | .059563 | 063280 | .o7Ico2 
23 | 048156 | .051572 | .o55I04 | 058744 | 062490 070273 
| 34 | 047322 | 050759 | 054315 | 057982 | 061755 | 069598 
35 | 046539] 49998 998 |_:053577 057270 | .061072 | .068974 
36 | .045304 Prin yy .052887 | .056606 | ,060434 | .068395 
»7 | 045111 | .048613 | 052239 | 055924 | .059840 | 067857 
38 44459 | 047982 | 051632 | .055402 | 059284 | .067358 
39 | 043844 | 247387 | 0516 | 054857 | 058764 | ,066894 
40 | 043262 | 046827 | 050523 | 054343 | 053278 | 066462 
4! | 042712 | 246298 | ,oz0017 | 053861 | 057822 | 066059 
43 1 042191 | -©45798 | 049540 | .053408 | 057395 | .c65683 
43 | 041698 | -045325 | 049090 | .052982 | 056993 | .065333 
44 | 041230 | -044877 | 048664 | .052581 | .056616 | .o65006 
45 | 040785 | 044453 | 048262 | 052202 | 056262 | .064701 
46 | .040262. | -04405T | 047882. 051845 | 055928 064415 
47 | 039960 | .043669 | .047522 | .o5T507 | 055614 | 064148 
43 | .039577 | 943396 | 047181 | 051188 | .o55318 063927 
49 | 039213 | .042962 | .046857 | 050887 | 055039 | .063664 
50 | 38865 | .042634 | .046550 | .czo602 | 054777 | .063444 | 


i 
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Table VI. ſhews the annuity which L. 1 will 
purchaſe, and 1s » conliructed by Equation 2d, 47. 


whereby N=———. Or thus, it being the reci- 


1— — 


A 
procal of Table V. Nof Table VI. = v of Table V. 
From the nature of the table, 1: N:: P: Mga, 


the annuity which will purchaſe, for the time 


and at the rate correſponding to NM Hence the 
following 


TABLE. 


Ex. 1ſt, Given, p=L. 1000, fg 20 years, and 
the rate 5 per cent. ; ſought, the annuity. Here, 


Np =.080242 x 1000=L, 80. 2423 annuity. 


Ex. ad, Given, a=L. 30, =19 years, and the 
rate 4 per cent. ; ſought, the preſent worth. Here, 


Y erg L. 394-021, the preſent worth. 


Ex. 3d, Given, a L. 80. 242, PL. 1000, and 
t=20 years; ſought, the rate of intereſt, Here, 


8 0.242 4 
7 = 705 = . 80242 —Nfor 20 years, correſpond 


ing to 5 per cent. the rate ſought, 


M 2 


} 
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More Examples. 


iſt, A gentleman purchaſes an eſtate for L. 1000, 
and is allowed to retain the purchaſe-money in his 
own hands, upon condition of paying to the for- 
mer proprietor 4 per cent. per annum: He ſets 
the eſtate at ſuch a yearly rent as to have 6 per 
cent for his money; ſought, the time in which 
the eſtate will clear itſelf. 

Here the purchaſer's yearly profit-rent is 2 per 
cent. upon the purchaſe-money, and the time is 
ſought in which this intereſt will equal the prin- 
cipal, By Remark 3d, 43, 


L. 2 30103 


9 = 25 when — wo 8880 = 34-886 years. 


24, A puts L. 1500 out at intereſt, B hath an 
annuity of L. 75 to continue 50 years; which of 
them will amount to the greateſt ſum at the end 
of the 50 years; and what is the preſent worth 
of the difference, at the rate of 4+ per cent, per 
annum ? Here, by Table II. and IV. 


The amount of L. 1500 for 50 years at 44 per cent. = L. 13548.945 
of L. 75 annuity for 50 years = 13387.727 


A's amount exceeds that of B by 161.218 
The preſent worth of which by Table III. =L. 17.848. 


zd, A hath a term of 7 years in an eſtate of 
L. 50 per annum; B hath a reverſion of the ſame 
eſtate of 14 years after A; and C hath a further 
reverſion of 21 years after A and B; ſought, the 
preſent worths of the ſeveral terms, reckoning 


1— — 


Preſent worths reſpectively, Or thus, 


td Both m_ Y 0 
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By Table V. 42 years=18.72355X 50=936.1775 
21 years =13.40472 Xx 50 670. 236 
7 Jears S 5. 89270 X 50 294.635 
ſubtracting theſe from each preceding term, we 
have 


| A's term = L. 294-635, B's L. 375.601, C's = L. 265.9415. 


4th, A perſon having 7 years to run in a leaſe 
of an eſtate of L. 80 per annum, it is required 
what ſum he ought to pay at preſent to have the 
leaſe renewed by having 20 years added thereto, 
reckoning intereſt at 6 per cent. ? Here, 


1— — 


a X — =80X 7.62815 L. 610.25 5. Or thus, 


þ, of L. 1 annuity for 27 years g 13. 21053 
for 7 years = 5.58238 


7.62815 X 80 
L. 610.25, the ſum he ought to pay. ; 


5th, A leaſe of an eſtate, to continue 14 years, 
is offered for L. 250 fine, and L. 44 yearly rent; 
but the tenant wants to reduce the rent to L. 20 
per annum; what ought the fine to be at 6 
per cent? Here, 


44—20= 24, and Tab. V. 9.29498 x 24 223.0795 
5 N ＋ 250. 


The whole fine = L. 473-0795 


6th, The proprietor of an eſtate, having, 20 
years age, granted the leaſe of a farm for 38 years, 
1s defirous of recovering the ſame : It is required 
to find what he ought to pay for the recovery of 


{aid 
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ſaid leaſe, upon the ſuppoſition that the farm is 
worth L. 40 of yearly additional rent, and reckon- 
ing intereſt at 5 per cent. Here are given, 

a L. 40, t=18, and the rate 5 per cent. ſought þ, 


By Tab. V. 11.6896 x 40 L. 467.584 =p. 


53. 07 Annuities computed at Compound Interęſt, 
when the firſt Payment is either due, or paid per 


Advance. 


iſt, To find the amount of an annuity in ar- 
rears, the firſt payment being due per advance, 
at a given rate of compound intereſt. Here, as 
the firſt year's annuity (a) bears intereſt, the laſt 
year's annuity will be repreſented by aR' ; and 
deriving a ſeries from the quantity aR, in the ratio 


of 1: R, we ſhall have aR+aR* +aR®...+HaR'= 
s; hence S X — np R=aNX R of 
Table IV. 


Ex. It is required, to find the amount of an 
annuity of L. 5, at the end of 30 years, the firſt 
payment being due per advance, and reckoning 
enn at 4 per cent. Here, 

4 * . Nl. 291.64, the amount. 

If the ſeries expreſſing the amount of an annuity, 
when the firſt payment is due at the end of the 
year, (44.) be ſubtracted from the above ſeries, 
their difference will be a Ra, in favour of the 
latter, which, of conſequence, will exceed the 
former, by the accumulated intereſt of one year's 
annuity for the time of its continuance. Or 
thus: The amount of an annuity for f years, when 
the firſt payment is due from the beginning of the 

| year, 
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year, will be equal to its amount for 4 I years—a, 
when the firſt payment is due at the end of the 
year. 


2d, To find the preſent value of an annuity, 
the firſt payment being made per advance, at a 
given rate of compound intereſt, Here we ſhall 
have, 


* 


abz+# +++ s, the preſent value of 
| 7 FEES 
the annuity, which gives þ =a X - — a4 X 


= xR=aNx R of Table V. 


] 


Ex. It is required, to find the preſent value of 
an annuity of L. 20, to continue 19 years, the 
firſt payment being made per advance, and rec- 
koning intereſt at 4 per cent, Here, 


R 
a = 2 =. 273.45 the value. 


If the ſeries expreſſing the preſent value of an 
annuity, when the firſt payment is made at the 
end of the year, (47.) be ſubtracted from the a- 
bove ſeries, their difference will be a —_— in fa- 


vour of the latter, which, of conſequence, will 
exceed the former by the difference betwixt the 
annuity and the preſent value of one payment 
thereof due at the end of 7 years. Or thus: The 
preſent value of an annuity for ? years, when the 
firſt. payment is made per advance, will be equal 
to its preſent value for ?—1 years-þa, when the 


firſt payment is due at the end of the year. 


Remarks 


50 THEORY OF INTEREST, 
| Remarks upon Annuities at Compound Intereſt. 
1 


— — 


2 „in Equation iſt, 


54. 1ſt, The expreſſion - 


47. is always leſs than 2, * when 7, the time, 


is indefinite; of conſequence, the years purchaſe 
of an annuity for a certain number of years, at 
compound intereſt, are always leſs than the years 
purchaſe of a perpetuity : Hence compound inte- 
reſt, by which the value of a perpetuity is deter- 
mined, is the proper ſtandard tor aſcertaining the 
value of an 3 


2d, The time in which the preſent value of an 
annuity is equal to its reverſion may be found by 


— = 22 
the * == i, which gives ===. 
== 
R'=2, and 


t G Ro the time in which a ſum of money doubles 
itſelf at a given rate of compound intereſt. 


3d, Beſides the two methods mentioned in the 
conſtruction of Tables IV. and V. the amount 
and preſent value of an annuity may alſo be cal- 


culated thus: 


iſt, To find the amount of L. 1 annuity for years, 
Let 1 =a=the amount for 1 year. 


Then aR+1 . 2. 
bR+1=c= | 3 
„ 4 ears, &c. 


2d, 


DG 
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2d, To find the preſent value of L. 1 annuity for 
years. 


Let g the preſent value for 1 year. 


Then 5233 2. 
S I 
c 3. 
d= 4 years, &c. 


SUPPLEMENT 7% CHAPTER VI. 


Of a Sinking Fund to extinguiſh the National Debt. 


55. \ Y HEN a debtor's funds are inſufficient 
to pay the intereſt of his debt, this muſt increaſe 
yearly by the accumulation of the deficient inte- 
reſt ; but if he can ſpare a little, after paying this 
intereſt, that little may, with proper ceconomy, 
become a ſinking fund to extinguith his debt in 
time, 

Any part of the national debt is ſaid to be 
bought at par, when the legal intereſt of the pur- 
chaſe money, at 5 per cent. is equal to the inte- 
reſt of the ſtock purchaſed, or when the purcha- 
ſer hath 5 per cent for his money. | 
Thus, pr cents. L. 3, 32, 4, 455 5» 52, 6, 

Pars, L. 60, 70, 80, go, 100, 110, 120. 


As a debtor hath it always in his power to diſ- 
charge his debt, by paying the ſum borrowed, 
when he is able, and is ſo diſpoſed, Government, it 


is preſumed, is not obliged to pay above the par 
of 5 per cent for each L. 100 of national 3 
5 ; - 2 


N 
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In the following particulars, units are aſſumed i An 
in place of millions, when the national debt ih fun 
concerned; which debt may confiſt either of M yea 
money borrowed at 3, 4, or 5 per cent. or in Ml tere 


the value of annuities paid by Government, for a to 
certain number of years, at 5 or 6 per cent. ; and 


may be in all about L. 262, at 35 per cent. m Th. 
1792; at which period there was, in the ſpace of 
fix years, the ſum of L. 8 recovered, and the na. þ 
tional finking fund was raiſed to L. 1.4, which » cap: 
ſuppoſed to accumulate till it riſes to L. 4. ver 
1ſt It is required, to find the time in which a fink 
ſinking fund of L. 1.4 will extinguiſh L. 25-8=M 3; 
L. 17 of 3 per cents, the purchaſes being made aWnat 
the market-price of go. 2 * riſes 
Here, 100: 90: : 17: 15.33 and, by TablelV, prior 
Pony =10.928 =, at 3 per cent. correſpond. 95 
ing to 9.59 years, the time required ; being that * 
period at which Government can, if it ſhall be 
thought proper, point all the artillery of the ſink 
ing fund againſt the 4 and 5 per cents, for t T 
reduction of the ſame. fect, 
2d, It is required, to find the time in whidMeref 


the national ſinking fund will riſe to L. 4 ; beyond 
which it is ſuppoſed it needs not to accumulatz 
being then ſufficient to anſwer all the purpoſes 
its deſtination. | 
On or before the year 1808, to which peri; 
the long annuities of 1778 extend, it is preſume 


that L. 12 of annuities, at 5 per cent. will ceakWyhic 
whole intereſt L. .60. Interc 
Therefore, to the preſent ſinking fund = 1. 40 at 10 

Add the intereſt of L. 17 recovered in 9.59 years = 0-51 Let 


— — 


Their ſum = L. 1.91 
Ani 
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And find the capital of 4 per cents, which a ſinking 

fund of L. 1.91 will recover in 16 —9.59=6.41 
Fears. Na=7.152 X 1.91 = L. 13.66, whoſe in- 

ai tereſt, at 4 per cent. = 546 | 
: W to which add 1.91 +.60 =" $20 0 


Their ſum is the ſinking fund, an. 1808 = 3.056 


_ _ - . 


„Again, 4—3.056=.944 ; and E=L. 23.6, a 

Wl capital of 4 per cents, which L. 3.056 will reco- 
ver in the ſpace of 7 years. Hence the national 
ſinking fund will riſe to L. 4 anno 1815. 

: 3d, It is required, to find the amount of the 

u national debt diſcharged when the ſinking fund 
rifes to L. 4. j 


— — — — — — — —— — —— 
3 a — — — 2 

- \ 

l 8 -- 

* . _— U 

> oe em I. > 2 * 

* - FR = 1 = —_— 
—_—_  — — — — — — - = - * — T — 

- — * E By = o \ 
= 2 o = - l 
= — 1” an . — — 
* — = = = — 
** x _ = C — ——_— 8 


Prior to an. 1792, there was redeemed, in 6 yrs, aſum=L. 8.00 


. — — 
S 2 — — — — —— — — — 2 
= * 


„bon hence, in the ſpace of 9. 59 years, a ſum =" 15.00 
During 6 41 years, prior to anno 1808, =. 13-66 
1 In anno 1808, of annuities, == 266 
, During ſeven years, prior to anno 1815, = 23.60 
ke In all, L. 74-26 


uw That a ſinking fund may have its proper ef- 
fect, it ought to accumulate yearly, with the in- 
tereſt of the capital which it hath recovered. But 
when it is limited, for inſtance, to L. 4, the na- 
tion may be relieved from taxes to the amount 

of ſaid intereſt. 
4th, It is required, to find the time in which a 
linking fund of L. 4, without accumulation, will 
reduce the national debt to the. ſame ſtate in 
which it was anno 1755, the medium rate of 
intereſt being 34 per cent. and the purchaſes made 
at 100, | 
Let L. 9.45 be the intereſt of the national debt, 
anno 1786, correſponding to a capital of L, 270, 
| N 2 at 


1 o o 
— 
N 
N 0 
i o 
U 
, 1 
| 
o 1 
l 0 
if + ; 
| N 
by ' 
* 
! 
i | 
| 1 
1 
1 a 
; | * 
11 1 
1 3 
N il 
i T'Y 
* 4 
4 


\0 


a — 2 — * 
— . 


1 — 
— — 


— des. — — 
1 — — o - 
_ — — - - 
= wc, = = _ 
* , — - 9 
— a , wks... I 
— G — — iS — K 


— — — — = — —— 
E r — CEE 
= aa _ * — — = 


- — NG \ 


— - —_ = 1 _ — — = 
So —— > - a 
— — « - — 
* — 2 _— — — 


— — — — 

— — — 

— 2 Naw a. = _ 
EL „ = 


1%%/%sföü THEORY OF INTEREST, 


at 3 per cent. Upon this ſuppoſition : 
To the amount of debt anno 1755, = L. 72.00 
Add of capital recovered in 29 years 

prior to anno 1815, as above, a fſum= 74.26 
And of annuities expiring, * 10000 


Their ſum = L. 1 56. 26 


Hence 1 8 113.74, the debt to be 
extinguiſhed; ſought, the time. Here, 


228.43 years, the time required, extending 


to the year 1844: at which period the national 
taxes, including one million of a ſinking fund, 
will be 10.45 —2.52=7.93 millions leſs, yearly 
than they were anno 1786, 

Fth, It is required, to find the effect which 2 
ſinking fund of L. 1.4 will have upon a debt of 
L. 270, in the ſpace 25 years, reckoning intereſt 


at 34 per cent.; and what will be the amount of 


ſaid fund at the expiration of that period. 
By Table IV. Na=138.95X 1.4=L. 54-53, the 


debt diſcharged in 25 years; and 1 4+ 1.9=L. 3.3, 


the ſinking fund. 

6th, It is — to find the time in which 
a ſinking fund of L. 1.4 will extinguiſh a debt of 
L. 270, reckoning intereſt at 34 per cent. Here, 


E 4 Z+r — 3893017 — 
By Equation 4. 44. = 3, =59-52 years 


the time required, 


CH Af. 


Of the Value of a Perpetuity, or Freehold Eftate, 


56. Is treating of a perpetuity or freehold- 
eſtate ; let s repreſent the value, and @ the yearly 
rent thereof ; then the progreſſion indefinitely 
continued, viz. NH +3, TH, &c. = s. (47) 
which progreſſion, having no laſt term, gives 
EA. (40.) from whence all the varieties in 
the buying and ſelling of eſtates in fee-hmple may 
be reſolved, as in the following 


N 
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Let IN repreſent the number of years purchaſe 
a 1s worth, then Na=s; and for @ ſubſtituting 
its value, 7s, from the fee-fimple equation, we 
ſhall have Nrs=s; which gives MI, N= & 
1 . Or thus: Seeing Na, and a, the rent, 
may be conſidered as the intereſt drawn yearly 
for the purchaſe-money, hence : a=Na : a N 
21 121: r, which give = Na, rs=a, and Nr=1, 
from whence the following 


EQUATIONS. 


| 


Ex. ift, Sought, the value of a freehold eſtate, 
whofe yearly rent is L. 150, diſcounting intereſt 
at 34 per cent. Here 2 = L. 4285. 7 , the 
value. Had the purchaſe been made at 28.57 
years purchaſe, correſponding to 33; per cent. then 
1 50 X 28.57 =L. 4285. 5 , the value. 


Ex. 2d, A gentleman purchaſes an eſtate for 

L. 14,000; at what yearly rent mult he let it, to 
have 4 per cent. upon his purchaſe-money ? Here, 
75=.04X 14000=L.500=a, 


Ex. za, An eſtate, which coſt L. 8000, is let in 
| tack 


r 


nds af 9 of poo 
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tack at the rent of L. 360 a- year; ſought, at what 
number of years purchaſe it is bought, and what 
rate of intereſt the purchaſer hath for his money ? 
Here; === 22. 27 M and === .,045=r = 
4+ per cent. 


Of a Reverſion in Perpetuity. 


57. A reverſion in perpetuity, or in fee-ſimple, 
being the ſame with the reverſion of an annuity 
when the time prior to its commencement is e- 
qual to the duration of the annuity, its value 
may be found thus : Divide the value of the per- 
petuity, viz. = by N, t being the time prior to 
its commencement, the quotient gives the rever- 
ſion: Thus 7 7 = , the reverſion in perpetuity, 
Hence the following 


TABLE 
| Given, 
a, 4, R, — Equ. 1. 
s, 1, R, ag Xx N. 2. 
J, 4, 25 RH —R=<. Js 
E R, a, .. | 4. 


1 ht 


** 


Ex. 1ſt, Sought, the preſent value of a reverſion 
in perpetuity, which is to commence 40 years: 
hence, and whoſe yearly rent is L. 70, diſcounting 
intereſt at 4 per cent, Here, | 

a 70 


| 77 89284 L. 364-5, the value ſonght, 
. Ex. 
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Ex. 2d, There is a reverſion in fee-ſimple ſold 
for L. 500, which is to commence 25 years hence; 
ſought, the yearly rent thereof, diſcounting intereſt I. 


| at 5 per cent. | th. 


r5X R. 25 x 3.3863 84.6575, the rent ſought, A. 


Ex. zd, The reverſion of an annuity of L. 20 
a-year 1s ſold for L. 222.735 ; ſought, the dura. 
tion of the annuity, reckoning intereſt at 5 per 
cent, Here, 


L.a-L,rs 2542716 * 6 
LI =o 12 years. 


Ex. 4th, There is an annuity of L. 35, to con- 
tinue 19 years, whoſe reverſion is ſold for L. 256.9 
ready money; ſought, the rate of intereſt allowed 
the purchaſer. Here, 


— — 7 302 4=R*— RY, found by Table Il 


s — 2506.9 
betwixt 5 and 6 per cent.; therefore take two po- 
fitions, &c. 


1ſt Poſit. R=1.05 Reſult 277.6562 Error 20.744 

2d Poſit. R=1.055 Reſult 230.095 Error — 26.813 

By the queſtion, Reſult 256 9 Diff. of Reſult of 1ſt & 2d==47.c5) 
Then 47.557 : . o:: 20,744 : -00218 to be added to the iſt po. 

fition, making the rate 5.218 per cent, nearly. 


Ex. 5th, Which is moſt advantageous, a term 
of 16 years in an eſtate of L. 5o per annum; or 


the reverſion of the ſame eſtate for ever, after the 58 
expiration of the ſaid term, reckoning intereſt at ¶ ſed a 
4 per cent.? Here, ber 
By Equ. iſt, the Reverſion = 13.3477 X 50 = 667 385 J, at 

By Table V. the Annuity = 11. 11838 X 50 =555-919 , 
e ate 


The Rererſion is better than the Term of 16 years by L. 11 1.466 
Eu ther, 
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Ex. 6th, A and B purchaſe an eſtate for 
L. 6700, which, at the term of Martinmas 1790, 
they agree to divide into two equal parts. | 
A ſets his part for the yearly rent B's part is under tack for 11 years 

of L. 180, and has, beſides, tim- to run, at the yearly rent of 


ber, and an old manſion-houſe, L. 143, and the timber upon it 
valued at L. 260. i8 valued at 8 22. 


Sought, firſt, At what rate of intereſt the pur- 
chaſe was made; ſecondly, How much A's part 
is better than B's; thirdly, At what yearly rent 
muſt B ſet his part, 11 years hence, to make it 


equal to A's in its preſent value, reckoning inte- 
reſt at 5 per cent. 4 


a 180 1 : 8 
7 = 509695825 L. 5:16: 6 per cent, 
A's Part = 2e = 3600 B's Part = < = 43 = 2860 
-” Nc l r 05 
His timber and houſe = 260 His timber = 22 
A's value= = L. 3860 B's value = - L. 2882 


So that A exceeds B in value L. 978. By 


57. Equ. 2d, 71.6555 L. 83.636 = B's riſe of 


rent at the end of 11 years, to make his part e- 
qual in preſent value to that of A. 


Remarks upon the Purchaſe of a Perpetuity. 


or 


he 58. 1{t, A freehold-eſtate or perpetuity, purcha- 
{ed at the rate of intereſt , is bought at a num- 
ber of years purchaſe = — and the rate of intereſt 
7, at which the purchaſe-money of a freehold e- 
ſtate is valued for N years purchaſe : So that 


N and r are reciprocal of, and diſcover one ano- 
Ex cher. Thus: | 


0 | If 
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If N= 35, chen r=.028 57=2.857 per cent, 


Or, If . og, then N 25 years purchaſe. 


2d, N, the number of years purchaſe at which 
a perpetuity is bought or ſold at a given rate of 
compound intereſt, is always equal to the num- 
ber of years in which money doubles itſelf at 
the ſame rate of ſimple intereſt, ſeeing either 


of them , (23. & 56.) Thus; 


24 
3 
Wh haſc [3% 
er 1 1 per cent. then N= 
2 


* 


40 
33's 
28.57 


25 
23.5 Joars purchaſe, 


20 
16.8 


12.5, an 


d vice verſa, 


3d, The value of a perpetuity may be expreſſed 
by the area of a right-angled parallelogram AC, 


5 


B 


Z P44. ve 


c 70S. 


C 


whoſe breadth AB = and its length BC =a the 
rent of the eſtate ; for AB x Gs Z=. the value 


af the perpetuity; and half of the parallelogram, 


VIE. 


yiz 
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viz, BD =- = =preſent value, or the reverſion of 


an 2 8 whoſe duration is equal to the time 
in which a ſum of money will double itſelf at 
the rate of compound intereſt: For in Equation 
4, 4 47. in place of p, put its value in this caſe, 


viz. 2 _ then t= TI Sthe time in which 


a ſum of money will double itſelf at the rate - 
of compound intereſt, 


4th, The method of buying and ſelling eſtates, 
at a certain number of years purchaſe, is very 
proper, being both ſimple, and well adapted to 
calculations upon the principles of compound in- 
tereſt, by which alone the value of a perpetuity 
can be aſcertained. : 

5th, The purchaſer of a perpetuity, if he can 
afford it, may venture to give, at leaſt, 10 years 
purchaſe more for an eſtate than what would a- 
riſe from the legal intereſt of 5 per cent. on ac- 
count of the ſuperior ſecurity, the chance of the 
riſe of ground in its value; and becauſe he is 
allowed compound intereſt upon the ears 
money, and other advantages, 
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THEORY OF INTEREST, 
A TABLE, Shewing the preſent Worth of L. 1 for Years, 


rs. 


3 per cent. 


221463 


215013 
208750 
202670 
196767 
191036 
185472 
180070 


174825 


169733 


135301 
130097 


125093 
120282 


115656 
111207 
106930 
102817 
og 8963 
09 5060 


164789 
159990 


155330 


150806 
146413 


142149 


138009 
133989 
130086 
126297 


4 per cent. 5 per cent. 


— 


083091 


079096 | 


75330 
871743 
068326 


065073 


Yrs. | 


3 per cent. 


4 per cent, 


061974 
059023 
056212 


013536 


122619 
119047 
115580 
112214 


108945 
105772 
102691 
og /oo 
96796 


993977 


061749 
059371 
057091 
54895 
052784 
850754 
048801 
046924 


045120 


43384 


031301 
029811 
028391 
027039 
025752 
24525 


022245 
021186 
020177 


5 per cent. 


— 


023357 


91404 
87889 


081258 
078133 
075128 
072238 
69460 
066788 


084508 


064219 | 


050986 
048858 
046246 
44044 
041946 
039949 
038047 
036235 
034509 
032866 


091240 
088582 


. 086002 
083497 


081065 


078704 


076412 


074186 


072027 


«£69928 


067891 


041716 
040111 
038569 
037085 
035659 
034287 
032968 
031700 
030481 


029309 
028182 


019216 


017430 
«016600 
o 5809 
«015056 
014339 
01365) 
013006 
012387 


018301 


011797 


A TABLE Sbewing the Preſent Worth of L. 1 Annuity for Years, 


Yrs. [3 per cent. 4 per cent. 


5 per cent, 


25+95 12 
26.1662 


26.3749 


26.5776 
20.7744 
26.9654 
27.1509 
27.3310 
27.5058 


27-6755 


21.6174 


217475 
21.8726 


21.9929 


22.1085 
22.2198 
22.3267 
22.4295 
22.5284 
22.5234 


— —— 


27.8403 
28.003 
28.1556 
28. 3064 
28.4528 
28.5950 
28.7330 
28.8570 
28.9971 
29-1234 


22.7148 
22.8027 
22 8872 
22.9685 
23.0466 
22-1218 
23.1940 
23-2635 
23.3302 
23-3945 


18.3389 
18.4180 


18.4934 


18.5651 


18.6334 
18.6985 


18.7605 


18.8195 


18.8757 


18.9292 


——ů — 


18.9802 


19.0288 


19.0750 
19.1191 
29.1610 
19-2010 
19.2390 
19-2753 
19.3098 
ig 3425 


71 
72 


90 


perpetuity 


Yrs. 3 per cent. 
— — 


29-2460 


29.3650 
29,4806 
29.5928 
29 7018 
29.8076 
29.9102 
30.0099 
30.1057 


30. 2007 


30.2920 


30.3805 
30.4665 


50.550 


30.6311 
30.7098 
30.7862 
30.8604 
30.9324 
31.0024 
33-3335 


4 per cent. 


5 per cent. 


52 


23.5156 


[23-5737 


23.6275 


23.6804 
239311 


23-7799 


23.8268 


23.8720 
23-9153 


1943739 
19-4037 
19.4321 
19-4592 
19-4849 
19-5094 
19.5328 
19-5550 
19.5702 


23-957! 
23-9972 
24-0357 
24-0728 
24-1085 
24.1428 
24-1757 
242075 
2442379 
24.2072 
2 5.0000 


19-0339 
19-9514 
19.6680 
19 6838 


19-7132 
. 
19.7398 
19.7522 


19-5964 | 
19.6156 


19.6988 


20. co 


A TABLE Shewing the Amount of L. 1 Annuity 


AND ANNUITIES. 


for Years, ' 


3 per cent. 


per cent. 


5 per cent. |Y rs. 


3 per cent, 


4 per cent.'s per cent. 


117-181 
121.696 
126.347 
131-138 
136.072 
141.154 
146.388 
151.780 
157-333 
163.053 


168.945 
175.013 
181.264 
187.702 
194-333 
201.163 
208.198 
215.444 
222.907 


230-594 


159-774 
167.165 
174.851 
182.845 
191.159 
199.806 
208.798 
218.150 
227-876 
237-991 


220.815 
232.856 
245-499 
258.774 
272.713 
287.348 


302.716 


318.851 
335-794 
353-584 


71 
72 
73 


238.512 
246.667 
255-067 
263.719 
272.631 
281.810 
291.264 
301.002 
311-032 


321.363 


379.862 
396.057 
412.899 
430.415 
448.631 
467.577 
487. 280 
507.771 
529.082 


551.245 


618.955 
650. 903 
684-448 
719.670 
756.654 
795-486 
836.261 
879-074 
924-027 
971.229 


248.5 10 
259-451 
270.829 
282.663 
294-968 
307-767 
321.078 
334-921 
349-318 


264.200 


372.263 
391.876 
412.470 
134093 
456.789 
480.638 
505-670 
531.953 
559•551 
588.5 29 


332-004 
342-964 
354-253 
365.880 
377-857 
390.193 
402. 898 
415-985 
429-465 


443-349 


574295 
598.267 
623.197 
649-125 
676.090 
74. 134 
733+299 
763.631 
795-176 


827-983 


1020. 790 
1072. 830 
1127-471 
1184.84 
1245. 087 
1308.341 
1374758 
1444-490 
1517.72 1 


1594607 


— — . 


Theſe three Tables are continuations of Tab. III. 
IV. and V. of compound intereſt, and may be neceſ- 
ſary, beſides other purpoſes, in the ſolution of 
queſtions in annuities on lives, when 7, the com- 
plement of life, exceeds 0. 


CHAP. 


. 


Of ANNUITIES on Lives. 


59. Wa S human life certain of continuing to 
a given period, the ſam of the ſeries _ 52 + 


15 (n)=_— #* (47.) would expreſs, at a given rate, 
2 r : : 

the value of a perſon's life who had yet n years 
to live; but ſeeing there is much contingency in 
the caſe, as we find by daily experience, Tables 
of the Probabilities of Life, called alſo Tables of 
Obſervations, have been conſtructed from the bills 
of mortality; from whence the value of life, at a 
given age and rate of intereſt, might be compu- 
ted. Of theſe take the following Table, conſtruc- 
ted by Dr Halley from the bills of mortality at 


Breſlaw, as an example, 


TABLE 


66 
te 
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6 robabilities of Life 
I. Shewing the Probabi 
; 3 Conſtructed by Dr Halley from che 


Bills of Mortality in chat ty. 
Age. Living, | Dead. Age. Living. N r — 
0 4 523 22210 
o | 1238 | 238 || 31 | 523 ; | 6 20 oo 
rr 8 6420210 
2 | 855 | 57 || 33| 507 8 
31228 38344999 7 of ov 
e 487 - 67 | 172 [10 | 
3844 RT | : . : 68 | 162 | 10 
is 7 69 | 152 | 10 
7 | 692 | 12384639 4 64 jp | 
„ 42 - 71 | 131 | 11 
3147 ; 5 4s 9721201 
is 65 7 = *- io || 73 | 109 | 11 
1 T1454; 10 ||74| 98 | 10 
12 | 646 | -6 || 43 | 417 | * 
6 || 44 | 497 | 10 [75 
f mn 8] 10 
V „ 
15 62 - 
18 622 6 147 377 — — 5 2 
17 | 616 6 || 48 | 357 5 267 
18 | 610 6 |] 49 357 - l 
| ip 37725 1182] 28] 5 
20 598 651335 1 
21 | 592 6 || 52 | 324 — ba 
wn] be 611 22 — 10886 15] 4 
24-88 E. — 108611 3 
21 - 58 282 | 10 || 87 8] 3 
25| 567 | 7||5 i 
3 ; 78 bs 10 || 8g 3: 3 
*7:1 330 7 1| 59] 2 18 * . 
28 546 275925 man 51 
29 | 539 8 || 60] 242 9 
1 531 4 G1 | 232 | 10 


lities of life, 
table as this of the orobabilir 

is Such — the principle, that been —_—_— 
* dying annually, after every particu * ag Be 7 
* equal to the number living at that age, — 
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of conſequence, is poſſeſſed of the following pro- 


perties: 


II, The ſeveral numbers i in column 2. or 


from infancy to the utmoſt extent of life, will 


repreſent the perſons living, or who die yearly, 


at their correſponding ages. 


24, The ſum of all the perſons alive or dead 
in column 2. or; 3. will expreſs the number of 
inhabitants, or the number of perſons who die 


yearly, and theſe laſt, it is manifeſt, will be e- 
qual to 1238 who are born in any one year; al- 


ſo the ſum of the perſons dying yearly, from a- 
ny one age and upwards, will be N to the 


number living at chat age. 


3d, As the 1000 children, 1 year old, were not all 


born at the beginning of che year; but ſucceſſively 
from day to day, they, as well as the perſons living 


at any ſucceeding age, are repreſented in the table 
half a year older, at a medium, than they are in 
fact; of conſequence, in queftions reſpecting the 
expeRation of a ſingle life, (See Art. 4.) half a 
year ought to be deducted from the anſwers gi- 
ven by the Table. Hence may be derived the 
following Articles: 


Art. 1. To find the chance or probability which 
a perſon of a given age hath of living a propoſed 
number of years. This is diſcovered by the pro- 
portion which the living, at the propoſed age, 
have to thoſe who have died ſince the given one. 


Thus, Suppoſisg a perſon of 30 years of age, 


then his chance of living is to that of dying, 
As 523: 865: 1, in 1 year. 
and 472: 59= 8: 1, in 7 years. 
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Hence, to find how long a perſon of a given age 
hath the chance of living, take half the number 
of perſons living at the given age, and oppoſite 
to it in col. 1ſt, you. have the years required. 


Thus, 357 =265, which is found in the table be- 


tween 57 and 58 years; ſo that a perſon aged 30 
hath an equal chance of living between 27 and 
28 years longer. 


Art. 2. To find the probability of life's conti- 
nuing, or of its failing in 1, 2, 3, &c. years, in 
a perſon of a given age, when the certainty of 
the preſent moment, or of death, is expreſſed by 
unity. Here, ſuppoſing a perſon of 30 years of 
age, out of 531 chances, he hath 523 of living 
one year, and eight chances of dying in that time. 
But by the doctrine of chances, the probability 
for the happening of an event is expreſſed by a 
fraction, whoſe numerator is the number of chan- 
ces for its happening, and denominator, the ſum 


of the chances both of its happening and fail- 
ing. Hence, | | 


922 ow ye... 

=4 | 1 will live 1 year. 
3 4 * Probability that ſuch a perſon 
Al 


will die in that time. 


* — 
* 4 


3 ; 
But the ſum of theſe fractions is equal to uni- 
ty; therefore, having one, we can find the other 


13 52327 538 


the probabilities that ſuch a perſon will live 1, 2, 3 
years longer; and _ 2275 = thoſe of his dy- 
ing in that time. 


P Art. 


by ſubtraction. Hence, 3, , 5397, will expreſs 
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Art. 3d. Out of a certain number of perſons 
of a given age, to find how many of them have a 
chance of dying yearly. 

As the tabular number, at the given age, is to 


thoſe who die out of them, ſo is the number of 


perſons alive, to thoſe who die yearly. 


Ex. Out of 135 perſons, whoſe age, at a me- 
dium, is 55 years, it is required, to find how 
many have a chance of dying yearly, till the laſt 
is extinct at the age of 91 years. 


ei wha die the 1ſt year; 
and 282: 130.377: 4.623 2d year, &c. 


e 5 As theſe perſons are in life from 


30 years of age and upwards, nearly in the ſame 
proportion as the tabular numbers from the ſame 
age; hence, 


15031: 531 :: 135: 4-77 who die the iſt year; 
and 14500: 523: : 130.23 : 4. 70 2d year, 


C. 


Art. 4th. To find the expectation of life, that 
is, the number of years which mankind enjoy, 
taken one with another, either from birth or any 
age propoſed. | 


Divide the number of per 5 alive at the gi- 
ven age and upwards, by the number alive at the 
given age, the quoticat, minus . 5, gives the an- 
twer. Thus, 


2 JI 73 - FO: = k . A 
1238 (minus .5)=28, the expectation of an infant. 


Or thus: The expeQation of life being equal to 
the ſum of the probabilities that a perſon ſhall live 
trom the preſent inſtant, 1 2, 3, &c. years; the 

expectation 
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k 


expectation of life in a perſon, for inſtance, of 30 
years of age, is expreſſed by the ſum of the frac- 
tions, V1Z., 

4827 &. carried on to the utmoſt ex- 


n 
tent of life, (minus. 5) = 27.87. 


Art. 5th. To calculate the value of L. 1 annui- 
ty upon a life of a given age, and at a given rate 
of intereſt. 


By Art. 2d. the probabilities of the continuance 
of life in a perſon, for inſtance, of 30 years of 
age, for 1, 2, 3, &c. years, are expreſſed by a ſe- 
ries of fractions, viz. 


2 . 
=, 555 = &c. But independent of chance, 


the terms of the ſeries, viz. 


1 1 1 

F 7³ R3* = 
due at the end of 1, 2, 3. . . , years. There- 
fore, combining theſe two ſeries together, 


— , ſhew the preſent value of L. I 


—— — 507 & g 


moſt extent of life, will expreſs the value of L. 1 
annuity, upon the life of a perſon aged 30 years, 
at a given rate of intereſt. But as the calculation 
of 60 terms of this ſeries muſt prove a work of la- 
bour, let N= 1.44 denote at 4 per cent. the value 
of a life aged 86, which is eaſily found by the above 


method, and 5 ==, the probability that a life, 
{ 5 1 
aged 85, will ſurvive 1 year ; then, 


* N 1 + 1v =1.72, is the value of a life aged 85 


years. Proceeding thus, ſtep by ſtep, the values 
P 3 | of 


* . 
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of lives, by any table of obſervations, may be 
found. 


Art. 6th. To find the amount of the population 
in any city or county in the kingdom, from their 
annual births or burials. 

If the annual average of births and burials be 
equal, either of them multiplied by the expecta- 
tion of an infant's life taken from a table adapted 
to that diſtrict, will produce the amount of the 
population thereof. If this annual average be 
unequal, which 1s moſt likely; in this caſe, as the 
population is as much increaſed by the ſuperior 
number of births, as it is diminiſhed by the com- 
parative defect in the number of burials ; there- 
fore, the half of their ſum, multiplied by an in- 
fant's expectation of life, oall it 40, (ſee Table 
VIII.) will produce the number of inhabitants. 

Ex. By the collector's accounts of the duty up- 
on baptiſms, &c. within the bounds of the ſy- 
nod of Fife, anno 1790, 

The annual average of baptiſms = 2484. 
of burials=1536 


Half their ſum = 2010 
Multiplied by 40 


Produces 80400, the num- 


ber of inhabitants within the bounds of the ſynod 
of Fite, 


* 


60. Of the Hypotheſis of Equal Decrements. 


Mr de Moivre hath invented an hypotheſis, 
whereby the values of annuities on lives may be 
determined 
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determined nearly as accurately as if they had 
been deduced year by year from a table of ob- 
ſervations; namely, © That the probabilities of 
« life, after a certain age, decreaſe in arithmeti- 
« cal progreſſion.” Thus, ſuppoſing, for inſtance, 
36 perſons, each of the age of Fo, if, after one 
year expired, there remained but 35, after two 
34, after three 33, &c. it is evident that ſuch 
lives would be extinct in 36 years; and that the 
probabilities of living 1, 2, 3, &c. years from the 
age of 50, would be expreſſed by the fractions, 


=, , 5 &c, which decreaſe in arith- 


metical progreſſion: And ſuppoſing further, that 
the age of 86 is the utmoſt probable extent of hu- 
man life; the complement of life of a given age 
will be the number of years which that age wants 
of 86. Thus, 36 will be the complement of a life 
aged 50 years. ge | 
Admitting, then, that the decrements of life, 
after 10 years of age, are nearly equal; the fol- 
lowing Problems will more eaſily be reſolved, than 
by a table of obſervations. 


PRnOBELt EM AL 


61. Suppoſing the decrements of life to be equal, 
it is required, to find the value of L. i annuity upon 
a life of a given age, and at a given rate of com- 
pound intereſt. N 


Let » repreſent the complement of life. 


== =the value of L. 1, due at the end of A years. 
f R* | 


1— | . | 
PIP = of L. 1 annuity for x years. 


N= 


* 2 — — — = * — = 
- - 8 = —_ 
= r 2 8 — * * — — < — 
P — —_— — B'S 7 3 c 1 "WP, bh 
5 x ESE I: 
N — — wy - — * 
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N=the value of L. 1 annuity upon a life of 2 
given age. Now, ſince the probabilities of life 
decreaſe in arithmetical progreſſion, they may be 
repreſented by the terms of the following ſeries, 
VIZ, 

n—1 —2 „— 3 n 

r ll 
may alſo be conſidered as the values of each pay. 
ment of the annuity in the parts of L. 1. But 


1 1 1 
* K. i " 


, which expreſſions 


the terms of the ſeries, 12 


the preſent values of L. 1, due at the end of 1, 2, 


3. + » years; therefore combining theſe two 
ſeries together, g 


1 A (2) MN, will expreſs the va- 


lue of an annuity upon a life, whoſe complement 
is , at a given rate of intereſt. 

Which ſeries may be divided into two other 
ſeries, viz. * 


; SR 1 I . l 
* RTR. TROETX 3 (47 and — - 


1 K 
X T7 FF (n) =—X . 


Hence, 


88 
— 


* Sought, the value of x terms of the ſeries, _ + 7s 4 25 &c. 


If the terms of the ſeries + + 5 ＋ Ss &c, be multiplied 
by Ti =R* 4 ZRT 


The product = R + © To. Hence, — = 2 


is the value of the ſeries indefinitely continued. 


H 


H 


it 


if 


Wl 


th 
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Hence, I T N; but E=. 


R 
] — — 
Hence, * — = MM, the value 
1 ſought, 


Ex. It is required, to find the preſent value of 
L. 1 annuity upon the life of a perſon aged 36 
years, reckoning intereſt at 4 per cent. Here, 
1=50, P=21.482, R=1.04, andr =.04; hence, 

==? :$532 
— — =13.83, the value ſought, 


r 


PROBLE M II. 


Suppoſing the decrements of life to be _ 
it is required to find the preſent value of I. 1 an- 


— 


— 


ñĩ !EEl ,˖ 


Now the terms, which follow the u term, in the given ſeries, 


n+1,nÞ2, n+3 SY 
are i 12 Ita - &c. ad infinitum. 


o => ** + A= +=, &c. ad inſinitum · 
Which ſeries may be divided into two other ſeries, viz. 
1 . OM 
** 1 + * ＋ pu &c, * (40 = 5 and, 
„ ** 2 &c. = 2 * 8 = by the above Hence 
FI R R3 R3? — * 71 » . L 
if the ſum of theſe two ſeries be bse from the former, there 
will remain 


2 25 on Dn bet nr * == — 2 = the value of 


— 


the ſeries 7 + 5 +2 Ei, (=), | 
nuity, 
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nuity, to continue during the joint lives of two 
perſons, whoſe reſpective complements of life are 
2 and m, (m being the greater number) at a given 
rate of compound intereſt. 4 


62. Since the probability of the continuance of 
the life, whoſe complement is , for one year, is 


— and that of the life whoſe complement 1s m, 


bl 
mT, 


—; and ſince theſe two events are independent 
of each other, it follows, that the terms of the 


ſeries, INES SEN SIX &c. will re- 
ſpectively repreſent the probabilities of their con- 
tinuing together, 1, 2, 3, &c. years; which pro- 
babilities may be. conſidered as the values of the 

ſeveral payments of the annuity, in the parts of 
L. 1, which will become due at the end of 1, 2, z, 
&c. years; and the value of L. 1 annuity upon 
the two joint lives, will be expreſſed by the fol- ” 
lowing ſeries. | 


n—IXm—1I n=2Xm—2 n—3Xm—3 
nm R * nm R2 * nm Rs RC. 


of which ſeries 2 terms only will be uſeful, 1 
being the complement of the oldeſt life. Now if 
the numerators of the fractions in the above ſeries 


be expanded by multiplication, they will appear 
in this form. | 


1—I Xm—I amm IAI. 


— —— 


— X M—2 = un- N & 2 +4. 


„gz X M—3 — um —m n N 3+9, &c. 
Hence, the above ſeries may be divided into 
three other ſeries, | | 


VIZ, 
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3 8 RE. 
Viz * ILE TE, & 2 (47) 
— n 
e x, 0) = SEE 
(By note, Prob. 1.) 
hors Li 4 9 1 17 XA. 2 
im * ALU) x T — 1 


The ſum of which three ſeri : bei £ 
ranged, may ſtand Wi METH and 


20 „ int, 
nm r 
e E 
cf 
— 2 = L x by 1 g. 


— 


Their ſum = EX = Rp. 1—PXR+IXR 
r nmXr nmX 73 © 


=the value of the annuity, 


Ex. 


* If the ſeries L + IN Ke. be multiplied 

by R=1*= R*+3R*+3R—1 
the product =#*+ R +o= RF1XR; therefore, 7 
SAKE — the value of the above ſeries indefinitely continued, 


: By the terms which follow the z term in the ſeries are, 


nope 1 bz; n+3; 
. R' ö mY 


TT F U 1 N, & &c. 


Which ſeries os may be divided into three others, via. 


. ee ( 


* I. K B. Kc. = LIES — (laſt note) 


SR Pwr &c, = ANT, as above, 
g Q | In 


| 
| 
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Ex. It is required to find the preſent value of 
L. 1 annuity, to continue during the joint lives of 


two perſons, whoſe reſpective ages are 54 and 43 


years, reckoning intereſt at 4 per cent. Here » = za, 
M=43, 1 458 5, R=1.04 and . og. Hence, 


. — - : My = 25.000 6 
IT REIXR— 125168 _ 17 224 

+= um Nr "088 42.224 

—7 1X R—m—nX R 54.720 8 
. um xr2 5 e 


The value of the annuity = 8.277 


When the ſingle lives are equal, mn an, 75 
X Nh So, um n, . the negative quantity 


Ex. Sought, the value of L. 1 annuity to con- 
tinue during the joint continuance of two lives, 
each aged 48 years, reckoning intereſt at 4 per 
cent. Here, 


14 EXPER 42,n85. 


he n* N 


R 
1 237215. 


The value ſought 8. 570, 


In which three ſeries, making e and ſubtracting their ſum 


from the above found value of the whole ſeries, 
1 N 2% up 
. 7 — the value of terms tliereof. 


there will remain 


PR oO 8- 


— A 


— > 
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PROBLEM III. 


To find the preſent value of L. 1 annuity, either 
upon the joint continuance, or during the longeſt 
liver, of any number of lives, at a given rate of 
intereſt. | 

63. 1ſt, As the value of joint lives enters an in- 
gredient into almoſt every queſtion reſpecting life- 
annuities, this value, at 4 per cent. may be diſ- 
covered by the following conciſe and accurate 
method. Let u, mn, p, and t, repreſent the com- 
plements of life; c, the arithmetical mean com- 
plement of all the lives, excepting the oldeſt, whoſe 


value, at 4 per cent. is N; and N— N [Fas Va- 


lue of the joint lives. Then, 


In the caſe of 2, 3, 4, equal Joint lives, with 
a ſmall correction, 2, 3, 4, = the ratio of the 
value of the joint lives to that of the fingle one; 
hence, 


*, with a ſmall correction, = +, 3» I the 
ratio of the value of the joint lives to that of the 
ſingle one. 

Again, in the caſe of 2 
of 3 or 4 


But when the lives are unequal, or = will 


: equal joint lives, 22 _ 


correct the irregularity arifing from the inequality 
of the lives. Hence the following 


— 


G's TABLE 


T. B LE. 
we 8 Torrections at 4 per cent. 
: n=76 '| 66] 56| 51 46 36| 26| 16] 6 
2 


- r —3] -1|+ 1]+ 3]+ 4[+ 5}+3 


[ 3 A ＋ 9 +10 +10 +10 +10 + 9 + 6 +3 


2C 


5's V ys = 6j+ 2+ 2/+ 3[+ 2| +: 


Ex. Sought, the value of two Joint lives, whoſe 


reſpective ages are 46 and 30 years, at 4 per cent. 
Here n=40, m=56, and N — 2222 =22:135 
— 2.286 29.849, the value. | 
Or, the prefent value of joint lives, at a given 
rate of intereſt, may be found univerſally. Thus: 
Let a repreſent the expectation of their joint 
continuance, (ſee ſupplement to problem 18.) ; 
6, that of the oldeſt; and 4, the number of years, 
by Table V. of annuities certain, correſponding 
to NM, the value of the oldeſt life l. Then, ſeeing 


b:a:: A: A, the value by the ſaid table, an- 


ſwering to +4 years certain f, (or in the caſe of 


two joint lives, the value correſponding to A— 


3 ul 


2 4 years certain), will be that of their joint con- 
tinuance. 


Ex. Let there be five equal lives, each aged: 32 


* Let the age be 32, whoſe value, at 4 per cent is 14-411 z the 


next leſs, to which, by Table V. is 14.029, anſwering to 21 years; 
their difference is. 382, and the increaſe of value for one year is. 4223 


hence, 25 = 905, to be annexed to 21, making, in all, 21.905 years. 


+ Let the number of years certain be 32.86, the value of 32 years, 
at 4 per cent. is 17.873, and the increaſe of value for one year is. 2743 
hence. 274 X. 86 . 235 to be added to 17.873, making their ſum 
S 18.108, the value {ought. 5 


years; 
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years; it is required to find the value of their 
joint continuance, at 4 per cent. Here, a=g, 


b=27, and A=21.9; hence, -4 = 7.3 years, 
whoſe value, viz. 6.46, is that of the joint conti- 
nuance of theſe five lives. | 

Or, the preſent value of L. 1 annuity upon the 


joint. continuance of any number of lives, at a 
given rate, may be found univerſally, thus : 


2d, Let N= expectation of the oldeſt life, whoſe 
complement is ; S expectation of the joint con- 


tinuance of all the lives; and A = number of years 


certain, correſponding to the value of the oldeſt 
life. Then, | 
Seeing N: &: A: A, the value correſpond- 
ing to A. years certain, (or in the caſe of two 
lives, the value anſwering to A— —4 years), will 
be that of their joint continuance, | 

Ex. Let there be three lives, whoſe reſpective 
ages are 46, 36, and 26 years; it is required to 
find the value of their joint continuance, reckon- 


ing intereſt at 5 per cent. Here, 
N=20, x=12, and A=16:35 ; hence, 


2 * 16.35=9.81 years, whoſe value, viz. 7-6, is 


that of the joint continuance of theſe three lives. 


In the caſe of m equal joint lives, 3 = — 
23d, To find the value of L. 1 annuity upon the 
longeſt liver of any number of lives, at a given rate. 
Let » =complement of the mean life, whoſe ex- 
pectation is V; & or x =expeRation of the longeſt 
liver, or of joint continuance of all the lives; and 
d= M- the number of years certain, correſpond- 


ing 


— 


— 


me a6 
4 
l i 
= 
= 
. 
* * 4 
{ l 
1 
4 : 
\ 
gl q 
. 4 » 
” Py 
1 . 1 
' 0 
# t 
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ing to the value of the mean life, at a given rate, 
Then, 


Seeing „NEN. n—X=x ad * the 


value correſponding to X — XA years certain, 
will be that of the longeſt liver. 


Ex. Let there be four equal lives, whoſe. com- 
mon age is 36 years; ſought, the value of the 
longeſt liver, reckoning intereſt at - per cent, 
Here, 

#=50, N25, X 40, x =10, and d= 4-46. 


Hence, 
495-7 . 70 10 = 38.2 years, whoſe value, viz, 
19.4, 18 that of the longeſt liver of theſe * lives. 
In the caſe of m equal lives, X — = the 


number of years certain, correſponding to the 
value of the longeſt liver. 

Theſe two methods of finding the value of the 
joint continuance, &c. of any number of lives, 
are more accurate than Mr de Moivre's Theorms 
for the ſame purpoſe; and more conciſe than thoſe 
of Mr Dodſon in his Mathematical Repoſitory, 
vol. 2. and may be applied in finding the value 
of lives, by a table of obſervations, as well as by 
the hypotheſis. 


Ex. It is required to find, by Table VIII. and 
I. the value of the joint continuance of two lives, 
. whole reſpective ages are 30 and 25 Fear, at 4 
per cent. Here, 


 n=65.08, m=69.98, and A=27. 244; hence, 
A — * = 18.8 years, whoſe value, viz. 13, 
is that of the Joint continuance of theſe two lives. 


> TABLE 
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TABLE II, Shewing the preſent Values of L. 1 
Annuity on a fingle Life, according to Mr de 
Moivre's Hypotheſis of equal Decrements, 


Age. !3 per cent. a per cent. g per cent. || Age. 3 per cent. 14 per cent. S per cent. 
g=10 | 19.868 | 16.882 | 14.6c7 | 48 | 13.012 | 11.748 | 10.679 
8-11 | 19-736 | 16.791 | 14-544 | 49 | 12-764 | 11.548 | 10-515 
7-12 | 19.604 | 16.698 | 14-480 | 50 | 12-511 | 11.344 | 10.348 
13 19.469 | 16:604 | 14.412 || 5 | 12-255 | 11-135 | 10-176 
6-14 | 19-331-| 16.508 | 14.342 || 52 | 11-994 | 10.921 | 9-999 
15 | 19-192 | 16.410 | 14-271 || 53 | 11 729 | 10.702 | 9-817 
16 | 19.050 | 16-311 | 14-197 || 54 | 11-457 | 10.478 | 9-630 
5-17 18.965 | 46.209 | 14-125 || 55 | 11-183 | 10.248 9.437 
18 18.5% | 16.105 | 14-047 || 56 1c. 902 | 10.014 | 9239 
19 | 18.6i0 | 15.999 | 13:970 || 57 | 10.616 | 9.773 | 9-036 
4-20 | 18.458 | 15.891 | 13.8941 || 58 | 10-325 | 9.527 | 8.826 
| 21, 18.305 | 15-781 | 13.810 || 59 | 10.029 | 9.275] 8.611 
22 | 18.148 | 15.669 | 13.729 || 60 | g-727 | 9.017 | - 8-389 
23 17.990 | 15-554 | 18-642 || 61 | 9-419] 8.753 | 8.161 
3-24 | 19.827 | 15-437 | 33-555 | 62 | g.107 | B.482 | 7.926 
| 25] 19.664 | 15-318 | 13.466 | 63 | 8.987 | 8.205 | 7.684 
26 | 17.497 | 15-197 | 13-375 || 64 | 8-462 | 7-921 | 74435 
27 | 17-327 | 15-073 | 13-282 65 | 8.132 | 7-631 | 7-179 | 
28 | 17.154 | 14-946 | 12-186 || 66 | 79-794 | 7-333 6.915 
29 | 16.979 | 14+816 | 13.c88 | 67 | 7.450 | 7.c27 | 6.643 
30 16.800 | 14-684 | 12.988 | 68] 17-099 | 6.714 | 6.362 
2-31 | 16.620 | 14-549 | 12.885 || 69 | 6.743 | 6-394 | 6-073 
32 | 16.436 | 14-411 | 12.780 | 70 6.378] 6-065 | 5.775 
33] 16.248 | 14.270 | 12.673 || 51 | 6-008 | 5.728 | 5.468 
34 | 16.057 [14.126 | 12.562 | 72 | 5-631 | 5-383 | 5-152 
35 | 15-867 | 13-979 | 12.449 || 73 | 5-246 | 5-029 | 4-826} 
36 | 15.666 | 13.829 | 12.333 || 74 | 4.854 | 4-666 | 4-489 | 
37 | 15-465 | 13-676 | 12.214 || 75 | 4-453 | 4-293 | 4143+ 
38 | 15.260 | 13.519 | 12.091 | 76 | 4-046 | 2-912 3.784 
| 39] 15-053 | 13-359 | 11-966 | 77 | 3-632 | 3-520 | 3-415 
40 14.8471 | 13.196 | 11.837 | 78 | 3.207 | 3-111 3.034 
41 | 14-626 | 13.028 | 11.705 | 79 | 2.776 | 2.707 | 2-041 
42 | 14-407 | 12.858 | 11.570 || 80 | 2-334 | 2-284 | 2-235 
43 | 14-185 | 12.683 | 11.431 || 81 | 1.886 | 1.850 | 1-316 
44 | 13-958 | 12-504 | 11.288 || 82 | 1.429 | 1-406 1.384 
45 | 13-728 | 12-322 | 11,142 | 83 | o:g61 0.950 0-937 
46 13.493 \ 12.135 | 10992 | 84 0.484 | 0.481 } 0.476 
"09 13.204 11.944 | 10.837 | 85 | 0.000 | o.oco o. oo 
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Table I.. is conſtructed by che theorem : 7 of 


which expreſſes the value of a ſingle life, whoſe 
complement 1 is . 


jo 
Or thus, let the ſum of the following ſeries, viz. ag 
| ce 
| Fe T. 
WP REED 
| | K f 
| K I KT . N 
| 2 = Kee: 5 5 po 
| Their ſum I N = 72 3 8 + — 
be divided by n 5 the 70 
preſent worth of L. 1 annuity upon a fingle life, 
whoſe complement is n, at a given rate of intereſt, 
and is the ſame with the ſeries of equal decrement, = 
Problem I. wanting the laft term, viz. —=R"=0. 
Hence the ſum of »— 1 terms, in Table V. of an- ſe1 
nuities certain, divided by z, will give the value th 
of a life whoſe 6 18 7, ce! 


Ex. Let the age be 70, whoſe value is tough 
at 4 per cent. Here, n=16, and - 


lif 
ex 
15 terms of Table V. = 97.04 | ER 5 ls 
b } ſought. nu 

be 

ch 

lif 


divided by. 16 
This affords an accurate and eaſy method of 


finding the value of fingle or conjoint lives, &c. at 
a given rate, not only by the hypotheſis, but alſo 


by 
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by a table of obſervations, when the expectation 
of life is known. © | 


Ex. By Table VIII. 22.42 =expeRtation of the 
joint continuance of two lives, whoſe reſpective 
ages are 30 and 25 ; ſought, their value at 4 per 
cent. Here, = = 44-84 and 43.84 terms of 


Table V. = £842.06 the value of the joint 
7 2 3 =13, 4 continuance of theſe 
divided by | G 


Again, let N denote the value of a ſingle life of 
a given age, 3 === the probability that a life 
will continue for one year preceding that correſ- 
ponding to N; then, | . 


X I TN che value of a ſingle life one year 
younger than that correſponding to M. 


As the difference of the terms in Table V. of an- 
nuities certain doth conſtantly decreaſe, and ſeeing 
1—1 terms are divided by u, in finding the value 
of a life whoſe complement is » ; hence, the pre- 
ſent value of a ſingle life will always be leſs than 
that of its expectation, conſidered as ſo many years 
1 | bet 
Whereas the amount of an annuity on a given 
life (ſee Table IV.) is greater than that during its 
expectation ; yet ſuch is the accuracy of calcula- 
tion, that the ſum of Nn, improven during 
life, will exactly balance the n number of life-an- 
nuities, each of whoſe values is N, whether they 
be paid regularly as they become due, or are difs 
* by fingle payments at the cloſe of each 

„„ ef Fe 


/ 
SS 964. 9 = [1 " 5 : 1 
: £ : VI® 7 — ; 
5 þ - A 6 
*, o % 2's Poe $64 4 Joh * * 9 why 
x - . 


* 
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TABLE III. Shewing the Value of L. 1 Annuity uſe o 
on the Joint Continuance of two Lives, ſu 5 
£14 AG 
poſing the Decrements of Life to be equal. 17 
lAge Age. 3 pr dent. i pr cent. 5 pr cent. Age. Age. 3 pr, cent 4 pr cent, J pr cent n An 
— — — — —— 1 — — — — — 
10 15,206 | 13-342 | 11-855 | 30 | 12-434 | 11,182 | 10.133 
) Six! 14.878 13.09 11561 | } 35 | 14.019 | 10.838 | 9.854 F 
148 14.503 J 18.808 | 11.439 40 | 11-502 | 10.428 | 9.514 rep 
| 25 | 14.074 | 12-460 | 11.184 45 | 10-898 | 9-936 | 9.114 p 
+} 1 30 | 1358s : 12-t0z-| 10.884 || 30 | 50 | 10-183 $345 | 8.620 
| 35 | 13.025 11.665 10.537 53 9378 634 8.018 If 
ro | 40 | 12.38x 1.56 [10.125 60 | 8-338 | 7-779 | 1.280 WY 
45 | 11.644 | 10-564 | 9.646 65s | 7.161 | 6-748 | 6.373 four 
50 10.796 9.871 [ 90741}, 179] 5-777 | 254 nuar 
eee | 
1: | 60| 8,704 | $-105 | 7.572 -35 | 21.632 | 10,530 9.600 þ 
65 | 7.417 | 6.980 | 6.585 | | 40 | 11.775 | 10.157 | 4491 theo 
70 | 5.936 | 5-652 | 5.391 45 | 10.622 | 9.702 | 8.913 
2 2 —— 150] 9955 9149 - 8.450 | 
| x5 | 14.574 | 12.860 | 11.478 || 35 | 55 | 9.156 | 8.476 | 7.879 E 
20 | 14.225 | 12.593 | 17.266 60 | 8.202 | 7:658 | 7.172 £ 
25 | 13.822 | 12,281 | 11,022 65 | 1.066 | 6.662 | 6.294 ages 
| 30 | 23359 | 33.921 | 20.736 470 | 15-718, 5.450 | 5-203 ; 
35 | 12.824 | 1101 | 10.402 [|—|—F—— 7 theit 
15 | 40 þ 12.207. | 11,013 | 10.008 | 40 | 10.777 | 9-92 181 | 14 
x 45 | 11.496 | 20.440 | 9.541 | 45 | 10.283 9.41Þ 83.671 N 
30 | 10.675 | 9.767 | 8.985 50 | 9.677 * 8.244 4 
5.227 8.975 | 8.318 [| 42 | 55 | 8-936:} 8. 7.110 
| - $632 8.041 | 7.515 bo | 8.038 ] 7.510 | 7.039 
less 1377 6-934 | 6:544 [ | 65] 6-953 | 6-556 | 6.198 
[70 |_$5.933 | 5-023 5.364 170 | 5.646 | 5-383 Þ 5-141 
FT ao | 13.904 | 22.347 | 12.067 as | 9.863 | 9-063 | 8.370 
25 13.531 | 12.051 | 10.840 50 | 9.331 19 |. 7987 
30 | 13.098 | 11.711 10.866 [[ | 55 | $662) 8.044 | 7-500 
| 1314 | 1078 {} 45 | 60 7.831 7.332 [ 6-875 
35 | 12,594 | 11.314 7 6 x 
| Zo | 222008 | 20.887 | % [[ þ 6807 | 6.425 | 6.069 
20 | a5 | 11,325 | 19-297 | 9.420 70 $556 | $300 (5.063 
| 50 | 10,536 pe? 7 56 8.832 | 8.235 7.660 
135 617 8.879 233 3 351 8.312 7.738 rl 7.230 
bo | 8.549 | 7967 | 7-443 ] co 50 1.568 | 7.097 |. 6.664 
65 122 628+ | 6495} | 65 | 6.623 | 6-258} 5.926 
J 25 | 13-192 | 11:7 10.621 ek ix 6.873 
E e , 
| 3512. q 6. 0 7 
4311578 | ro-655 | 9.708 oj 63791 6008 q/ 5206 
55 | 79 | 5-291 | 5.953 | 4833 
,, ne len 
150103741 9-599 4 50 6.737, 6.381 | 6.001 
zs 9:41 .766 | 8.134 || 60:| 65.| 6.0431 G 82 Þ $444 | 
44 2 8.452 | 7.880 | 7.372 || 7% Ss | 4.858 | 4.653 
| 82 1 2 . . 
3 e 6g |.76 | 4-773 [L721 4.385 
3 5 II ee 4.270 | 4194 L228 


oN LiVEs.. © It 
in the conſtruction of Table III. Dr Price made . 


F Try 
20 1 LAY 


uſe of the theorem V— EX n — Pry 14 


NI, expreſſing the value of the joint 


continuartee of two Hves, whoſe complements Wet 
n and m. Here, ? 


— — — 
* 
A * - - 
4 » = . — a N * 
— 4 1 r „ 2 I 5 _ > - — 
”r ts 

_— . 
ͤᷓ— 


| DRY EG. 5 perpetuity == at a 1 rate. 

p the value of L 1. annuity for z years certain. | 
If only one, or neither of tlie ages, are to be 

found in | the table, the value of their joint cotiti- 

nuance, at a given rate, may be found by the 

theorem, N— = a 


— — 2 
— 
« 
_— 
* — V 


2 8 1 
—— —— — — — 
5 > 


—_ — 


- 
— 


2 2 * 
o od 4 
— —— -¼- — — —— onen" 
—— — —— - 


— W ow 
— — — 
— 
* — 


Ac 
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Ex. Let there be two lives, whoſe reſpective 
ages are 38 and 22 years; ſought, the value or 
their joint continuance, at 4 per cent. Here N— 


my 4 
TIN 13. $19—2.45= IO: 969, __ value ſought. 


— — 


| | 


Or thus, 


ſt, ei chere be two lives, aged 35 and 22 


years; ſought, the value of their joint continuance, 
at 4 per cent. 


P * 
— — — — 2 


OE . ³˙ ! ⁵˙ ö 
— — 


from the value of 20 by e022 21.418 
Subtract that of 25 12 35 11. 095 


— — at 


— * — 
4. £2 1K — 2 — — 
a 4 . 1 ES * 
2 
— * - . 
. £ 1 x 
* hg — 


The remainder x N .219=.088; which 


product, ſubtracted from 11,3 14. leaves 11.226 
the value ſought. 


zd, Let there be two lives, aged 38 and 22 
years ; ſought, the value of their joint continuance, 
al 4 per cent. 


R 2 From 
n „ 
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From the value found above=1 1.2 48 
Subtract that of 22 by 40=10.770 


The remainder 4 


the value ſought. 


* 


TAB LE IV. 7 PS the amount t of I. 1 An- 
nuity foreborn, e a Life of a given Age, 


at 4 per cent. 


=:6X 456 
product, ſubtracted from 1 1.226, bre 10.952, 


1 


5.24, which 


; Ages. | Amount. Ages. Amount. ¶ Ages {Amount [Ages Amount. 
g=10 128.81 [29 | 66.58 || 48 | 31.51 || 67 | 11.36 
8-11 | 124+54 || $© | 64920 || 49 | 30.15 || 68 | 16 59 
7-12 | 120-41 || 31 | 61.89 [50 | 28.89 [| 6g | 9.84 

13 | 116.4c |} 32 | 59.65 (| 5' | 29.61 |} 5O | * 
6-14 | 112.52 3357.48 || 52 | 26-37 |] 71 8.38 
15 | 108.74 || 34 | 55:37 || 53 | 25-16 || 72 | 9.67 
16 | 105-11 || 35 | 53.32 || 54 | 24-00 736.98 
517 | 101.66 || 36 | 51.34 || 55 4 22.85 74 6.31 

| 18 | 98.13} 37 | 49-41 [| 56 | 21-75 || 75 | 5-65 

143 94-81 || 38 | 47-53 [| 57 | 20.67 76 $5.02 
4-20 | 91:58 |f 39 | 45-72 ||'58 | 19-62 [| 77 439 

21 | 88.44 || 40 | 43:95 || 59 | 18.61 [| 7B} 3.79 
22 | 85-41 || 41 | 42-24 17.62 || 79 3.20 
23 | 82.47 || 42 | 40.56 || Gt | 16.66 || 80 | 2.63 
3=24 | 79-61 || 43 | 38.96 |] 62 | 15-72 || 81 | 2.08 
25 | 7685 || 44 | 37-39 ||'63 | 14-80 || 82] 1-54 
26 | 74-17 || 45 | 35-87 || 64 | 13-92 [| 83 | 1-01 
27 | 71-56 || 46 | 34-38 || 65 | 13-06 | 84 | ©-50 
28 | 69.04 |i 47 | 32-92 66 | 12.25 || 85 ' 0.00 


— 


— 


In the conſtruction of this table, which hath 


not been attempted by any author, 


> 


* 


Let the ſum of the following ſeries, viz. 


kl 1 


FLY 
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1 


5 N 4 * 1 . N 
4 1 ? « #3 ' 1 1 4 15606 


1 a 823.7 17 12 
WS FS oy | 
r | 
n 5 BE in og et ESI IS 
N 78 24. Kc. SEAS 7 5 4 
X — . e — >| |; 
Their nA 2—1 De R* ET 
be divided by * the 


amount of L. 1 annuity upon a ſingle life, a 
ä eee is , at a N rate bs Nos 


Hence, the ſum of 1 — 7 — 1 3 in Table IV. 
of annuities certain, divided by , will give the 
amount of L. 1 annuity * a ſingle life whoſe 
r 18 u. ä 


Ex. Sought, the amount of 1 L. 1 annuity 8 
a life aged 80 years, at 4 per cent. Here #=6, and 
the ive firſt terms of Table IV. 15. = 


divided by =2.64= 
et amount ſought. _ 5 


Or thus : : Lets denote the amount of L. I an- 
15 upon a life of a given age, at a given rate, 
7 the probability that a life will continue during 
oh year preceding to that correſponding to 4; 
then RI =the amount of L. 1 annuity upon 
a ſingle life, one year younger than that corre- 
ſponding to 2; hence the foregoing table. 


As the difference of the terms in Table IV. of 
annuities certain, doth conſtantly increaſe ; and 
although the 2 — 1 number of terms is divided 
by n, in finding the amount of L. 1 annuity upon 
a life whoſe complement is n, yet in all ages e 
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low 68, that amount, at 4 per cent. will be great- 
er than that of their expectation, conſidered as ſo 
many years certain. 

By this table, the amount of p, a ſum of mo- 


ney, whoſe intereſt, at 4 per cent. remains unpaid 
6 A I 


6... was =» 
2. Sa 


TABLE v. Skewlby the trite Probabilities of 


Life in London, for all ages, formed by Dr 


, fro the Bllls of Mortality for 10 5 Years 


- preceding Arto 1769. 


= 
- 
. . — * 


E OY a 


ad. Ages. Living. wes | Ages. Liv. 


"61 igi8'| 486 8 „ #125 | 6 
+ þ 1035 266 3 45 AN | 5 
24 832 8g „ | 224 8 H 
34 747] 59 8512152 5 
4 688] 42 9 || $3 2068 5 
$5 | 646| 23 9||53 1198 [8 cl 
6 | 623 20 9 || 54 | 190 [7 4 
7 | 603| 14 9 || 55! 183} 7 4 
8589 12 9 1,55 62767 3 
91 577 | 10 91157116917 3 
70 507 9 98164 7 3 
1114 558 91 6995s 134 
12 549] 8 958148 2 
13 | 5413. 2 91397 2 
14 | 534 6 9 || 62 1327 2 
15 528 6 10 63 1287 2 
16 522 7 10 || 64 | 118 | 7 I 
17 5151 7 1065 1117 Ls 
18 5084 7 10 || 66 1047 E 
19] golf 7 1052 9717 I 
20 | 494 * || ro || 68] go[ 7 r 
21 487 8 10 69 83 7 0 
22 | 479 8 51070 766 z 
23] 471 F || 1oij} Tri 706 5 
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Table V. the number of birchs or burials, 
oy are ſuppoſed to be equal, is to that of 
inhabitants as 1518: 27935 —7593 that is, as 
1: 17.90; one out of forty who are born in 
London arrives at 80 years of age, and the ex- 
aeg had. is as us. | 
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TABLE vi. Sbewing the Value of L 1 Aannity 


upon a ſingle Life, according to the true Pro- 
l Life in London. 
Aces |3p-cent, 4p.cent. P-cent. 1 ap TEE TE 
$-- 9 | 19-13 16.39.| 14-27 J 171.50. 10.0% | 9.26, 
7-10 | 19.05 | 16.35 | 14-25 || 52 10.83] 9.93 | 9-r5 
xx | 18-94 | 16.28 | 14-21 || 53 | 10.60] 9.75 | 8-97 
| x2 | 18.83 | 16.21 | 24-16 || 54 | 10.40 | 9.56 | 8:82 
6-13 18.69 16. 0 14-09 [Ss | 10,13 | 9.32 | 8-61 
14 18.50 15:97” | 13 56 | 9.85 | 9.08] 8.40 
+5 -x5 | 18.27 | 15-80 | 1385 [| 57 | 9.56 | 8.83 ] 82g 
F © x6 | 18,04 | 35-62 | x37 [| 58 | 9.281 8.58] 7.97 
| 15 | 27.83 | 15:46 13.39 {| 59 | 3.94] 8.33 } 7-75 
4-18 | 17:61] 1580 [113-47 % 8.76] 8.13 | 7.58 
19 | 27.39 | 15-24 | 13.34 [| 67 | 8.54 | 7.94 | 7.41 
, - "96 | 19.17 | 24-96 | 13.20 }| 62 | 5.26 | 7.69 | 7.20 
-ar | 16.94 | 14-79 [13.06 [| 63 | 7.98 | 7.45 | 6.98 
22 156.74 4.63 12.94 64 7.71 7.21676 
23 | 16.33 14.48 [12.82 65-1. 7.44 | 6.97 | 6:55. 
1324 | 16.32 | 14.32 12.69 66 J 7.18 | 6.74 6.34 
25 | 16.11 | x4.15 | 12.56 || 67 | 6.93 | 6.52 | 6.14 
26 15.89 | 13.98 | 12.43 || 68 | 6.69 | 6.31 | 5.95 
27 | 15.66 | 13.80 | 12.29 69] 6.48] 6.11] 5.77 
7 28 | 15.43 | 13-62 | 12.14 || 70 | 6.29 | 5-94 | 5.62 
29 | 15.24 | 13-47 | 12.02 || 71 | 6.03] 5.72 | 5.40 
E 2--30 | 15.03 | 13-31 | 11.89 | 72 | $-79 ] 5.59 | 5.20 
31 | 24.83 | 13:16 | 11.77 [| 73] 5.58 | $5.31 | 5.04 
32 | 14.62 | 12 11.64 || 74 | 5-29] 5.04] 4.79 
33 | 14,42 | 12-83 | 11.59 [| 75 | $.92 | 4.79 | 4.56 
34 4 14.20 | 12-66 | 11-37 11 76 | 4-77 | 456] 4.34 
35 | 13.98 | 12-49 | 11-23 | 77 | 4:56 } 4-37] 4.16 
36 | 23.76 | 12.31 11.08 || 78 | 4-41 | 4-23 | 4.03 
37 | 13.54 « 12.13 | 10-94 [( 79 | 4-17 | 4-00 | 3.82 
38 | 13.32 | 11.95 | 10-79 [| 80 | 3.98] 3-83 | 3.65 
j 39 | 23-12 | 11,77 | 10-63 [| 8x | 3.66 } 3-54 | 3.42 
40 | 12.93 | 11.62 | 10.51 || 82 | 3.37 | 3-26 | 3.15 
118 41 | 12.75 | 11.47 | 10.39 || 83 | 3.12 | 3-02 | 2.93 
| 42 | 12.56 | 11.32 | 10.27 [| 84 | 2.95 | 2-87 | 2.79 
[ I. 43 | 12.38 | x1.17 | 20.15 || 85 | 2.604 2:53 | 2.46 
; 44 | 12.21 | 11.03 | 10.04 || 86 | 2.37 | 2-21 | 2.16 
| . 45 | 12.04 | 10.90 9.93 [87] 2.00 x96 I.92 
[1758 46 | 21.87 | 10.77 | 9.82 ['88 | 1.89 | 185 | 1.82 
| 47 | 11.72 | 20.64 | 9.72 || 89 | 1.43] 1-41 | 1.38 
1 48 | 11.57 10.53 9.61 go | 0.96] ogs | o94- 
} 1 49 | 11-37 | 10.37 | 9-50 91 0.43 | 0.48 | 0.48 
1H 50 | 11.79 | 10-22 | 9-38 |. 
. VI. and IX. are conſtructed by the theo- 


1 1+N, which expreſſes the value of 2 


tab fg Life, one year younger than that correſpon® 
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1 f L. 1 Annuity 
| ing the Valueo the true 
TI ing | t 
TABLE — joint Lives e ee 5 | 
. Probabilities of Life —_ Lies | 
roba N 


a 


Dent. 
: = Age P. cent. ee eee, , 
cent. Age — — — 9.04 
* 155 
Age. Ag — 2.79 | 11,29 , 35 1] 10.54 12 8.40 
P 14.39 — 4 | 11,10 40 | 10.04 4 4 | 8.10 
1 Fray + 10,79 An 
1 2013.54 96 I0 44 50 9.11 35 732 
74 12.97 | IT. 10,02 || 30 8.44 | 7:7 6 | 6.59 
25 12 32 11.01 60 35 . 52 6.9 81 
30 11.68 | 10:50 age 8 458 6.10 7 | 
35 66 | 9-91 = $ % 5.25 ; 
1040 | 10.9 9:4T | 8.7 70 | 5-95 — 8.38 
o. 31 — PETER 8.3 
ll hoy © 25 1 PETE an” 286 3.2 
> 9-OI m_ 6.90 49 | 9.70 $50 7-88 
25 7-91 5g 6:04 45 15 8.15 * 
| .86 . 22 50 N ' 7.T 
65] 6.8 46 | 5-22. 5 6 | 7.63 
85 5. — — 5 8.2 8 6.48 
70 b ar 10.89 || 35 | 5 | 7:38 | 6.84 72 
EI INA —— 8 * N 7 
20 | 13.06 3 10.24 reine. 
2512.55 | I 8 9.85 — — — 8.54 7.84 
30 m_ 3 9-44 40 x 8.23 * 
1 9 — . 7. 
| 35 11 9.76 | 8.9 45 8.53 7.92 g 
10-73 3.60 0 5 6.9 | 
15 "= 10.16 9.33 8.22 40 * 2 5.69 6.34 
.bo ? .6 7. $5.02 
55 | 884 | 848 | 6:84 65 6:33 | 5-89 4.90 
2 171. lara] BY yo 70 | 5.50 3 
65 | 683 | 6:3 5.19 e 125 
706.81 —. — 145 8.39 | 7.57 6.81 
1 ir 11.47 "3 = 7.35 | 7.23 6.20 F 
20 11.04 9 3 05 6.53 52 i 
12.27 61 8160 7 8] 53 
« | 35+ 11.76 10.58 2 5 65 6.24 5.7 4.81 1 
i " 11.19 1 1 9.87 JO | 5-41 tar 6.80 3 
25 10.58 20 44 $47] 7.96 | 7:39 6.59 | „ 
10.05 [ 2. 8.10 50 31 7-099 | | 
20 | 45 9.50 | 8:69 7.56 "Is 7463 6.36 6.04 ; 1 | 
* 8.75 _ 6.76 50 bs 6.09 | 505 Tt 1 i 
7.15 | 7: 5:93 3 490 1-474. 1 
bo 6.73 048 5.15 . 87 map 6.23 1 3 
| 70 5.56 dec 7 8 pony 7.16 | 6. g 5.85 1 if 
F "10.94 9.6 ; - 6.57 — 5.22 1 1 
AT 25 | 11.87 0.39 | 9.36 5-38 | 5.4 4-59 8 
oO 11.40 | I 36 903 [| 55 | 65 I2 | 4.75 . 1 
3s 195 6 | 863 ee 2| 5.44 | il 
4010.33 1 8.29 50 6.14 1 4.97 1 n 1 
45 | 932] 8 53 | 7:96 65| 5.561 5 52 | 4:39 *%/-4 
E D nl 
dl ard ns + 7 el NS ——_ 4-64 #11 
65 7.64 548 5.88 (— 65 2 4.23 4-11 . | 
6.66 g ; 10 O 4. — $4.0 
75 n K e 3 4 oh 
Pena Bly HAS ARE 30k LE t 
" 1 ä - TART, 
* 2 1 * : — / 8 
0 H Ex 
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TABLE VIII. Shewing the Probabilities of Life, 


OF. ANNUITIES 


according to the Bills of Mortality in Kettle, 
for 20 Years, preceding Anno 1790. 


Ages Living.[DeadT Ages Living. — Ages Living Dd. || Ages. Living. Dd. 
0625 2024 292 [6 || 48 | 295 | 5 | 72 104 | 8 
1 | 6og | 49 || 25 | 386 | 6 || 49.| 290 [6], 93] 968 
2 | 565 | 36 || 26 | 380 | 6 || 50 | 284 | 7 || 74h 888 
3 | $29] 201127 | 374|6||51|277|7 || 75] 8o[8 
4 | 5c9 16 || 28 | 36B [| 5 [| 52 | 270] 7 | 76] 728 
5 | 493 | 12 || 29 | 363 | 5 || 53 | 263 | 771 648 
6481 630 358 454256778 567 
71475] 41} 31 354457 24977 6 
8 471432 350% 456242 7 || 82 435 
9467433346 |4 || 57 | 235 [8 || $1] 38|4 
io | 463 |-4 || 34 | 342 | 4 || $8. 2278 || 82| 34 | 3 
11459 4 || 35| 338459219883] 313 
i2 | 455 | 436 334 [4 || 60|212|g || 84] 28 | 3 
134515 37 3304/62029 [85 | 25 | 3 
'4 | 446] 5 || 38] 326] 362193986 22|3 
15 441539 323 363184987] 19] 3 
16436] 5 (40 320364175988 16] 3 
174315 43736566989 13] 3 
18426 5 42 314366157990] 10] 3 
19 421 543 311367489972 
20 | 416 | 644 3083681399 92 52 
21 40 645 305 369 1309 3] 31 
22 404 646 3023701218 94 S | 1 
Den 


By Table VII. the number of births or burials 
18, to ry of inhabitants, as 625 : 25368 — 312.5; 
that is, as 1:40.1; 2 out of 29 arrive at the age of 
80 years, and the expectation of life is as follows: 


pages. IE Ages Expectet. Ages Expectat. . 
0 40. 10 || 25 34.99 5018.39 | 75 | 7.23 
5 | 45-21 || 30 | 32.54 | 55 15.63 | 80| 6.41 
10|43.01 || 35 | 29.31 || 60| 12.98 || 85 | 4.42 
15 | 40.03 | 40 | 25.83 i 65 | 10.82 || go | 2.30 
201 37-29 || 45} EE 28 121 8.91 | 95 | 0.50| 


Ex, 
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Ex. Let there be two lives, whoſe reſpective ages 
are 40 and 30 years; then 
N =25.83? Len 
N 32.54 * double of which es 

8 2 NI, expectation of their 

* 8 N 0 | Joint continuance. 
N —NM M= 6. 83= — {the expectation of the oldeſt. 
M—NM= a1 3.54= fvrvivorſhiponthe\ the youngeſt. 
N+M—2NM=20. 37= JT o both. And 


N+M— NM) che expectation of the 
=M + — 8539375 longeſt liver. 


TABLE IX. Shewing the Value of L. 1 Annuity 
upon a fingle Life, according to the Probabi- 
lities of Life at Kettle, compured at 4 per Cent. 


| Ages. Values. Ages] Values. "Ages. Values. — V Tuc. 7 
** — — — 2 —.— — — 
67 | 18.40 || 30 | 16.41 || 53 ; 10.73 || 76 | 5.19 
5-8 | 18-29 | 31 | 16.26 || 54 | 1.49 || 77 | 5.67 
9 | 18.19 || 32 | 16-11 |! 55 | 10.21 || 78 | 5.03 
to | 18.08 33 | 15-94 || 56 | 9.93 || 79 | 4-98 
4-11 | 17-97 || 34 | 15+78 || 57 | 9-63 || 80 4.90 
12 | 17-85 || 35 | 15-60 || 58 | 9.37 || 81 | 4.73 
13 | 17-73 || 30 | 15-42 || 59 | 9.10 [824.54 
14 | 17-65 || 37 | 15-23 }j; 69 | 8.82 || 83 | 4.18 
15 | 17456 || 38 | 15.03 || bt | 8.59 || 84 | 3.81 
3-16 | 17-47 || 39 | 14-82 || 62} 8.35 || 85 | 3.44 
17 | 17.38 | 40 | 14-55 [| 63 | 8.10 || 85 | $.06 
18 | 17.29 || 41 | 14-28 || 64 | 7.86 || 87 | 2.68 
19 17-15 || 42 | 13-9), 65 | 7-62 || 88 | 2.32 
20 | 17.05 || 43 | 13-69 [| 66 | 9.38 || 89 | 1.96 
21 | 17-00 || 44 | 13-38 || 67 | 9.14 90 1.66 
22 | 16:94 || 45 | 13-05 || 68 | 6.91 j| 91 | 1.46 
23 | 16-38 || 46 | 12-71 || 6g | 6.68 || 92 | 1,13 
24 | 16.82 || 47 | 12-35 || 70 |. 6447 || 93 | 0:95 | 
25 | 16.77 || 48 | 12.03 [| 71 | 626 || 94 | 0.48 
26 | 15.72 || 49 | 11.72 || 72 | 6.02 || 95 | 0.00 
2=27 | 16.66 || 50 | 11.45 f 73 5.78 
28 | 16.61 || 51 | 11.21 |] 74 | 5.55 
29 | 1651 || 52 | 10.95 11 75 ' 5-35 
8 2 TABLE 
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ol * 2 . N * 3 * e * 
* x * 3 , g 9 * 1 * * —— 
9 G | ; . ; "4 $4 7 ' 
” 7 0 * # & 


TABLE X. © AMER the Value of L. er 


on the joint Continuance of two Lives, accor- 
Ang to the Probabilities of Life at Kettle, com- 
* at 4 wy Cent. 31 


+ 


71 * 


ebe jus FOR at 4 per Cent. 
10 [14.38 * 5 | | r 
115 4. 1613.86 | | | * 
20 13.93 13.67 13.42 | 
25 13.80 13.53 13.34 13.12 | 33 
30 [13.62 13.42 13.25 12.98 12.733 WS þ | 
35 13.26 13.06 12.85 12.60 12.39 1.97 
40 12.54 12.39 12.22 12.04 11.83 [11.49 11.03 
45 11.44 11.32 11.19 11.06 10.89 [10.62 10.279. 2 
50 | I90,22|10,1I 10.01] 9.91] 9.79| 9-60| 9.33] 8.92 8.38 
55] 9.24] 9.17] 9.09] 9.02] 8.91 8.77] 8.56 8.25 7.847.300 
60 | 8.09] 8.04 7-98| 7.92] 7.85| 7-74| 7.60] 7.37j 7.07] 6.75, 6.29 | 
65] 75.07] 704 7.00] 6.95| 6.90] 6.82] 6.71|6.55} 6.34 6.10! 5.75 5.38 
70 | 6.08 e 6.02} 6.90] 5.95 5.89 5. 8205.70 5.55 5.38 5.15 4.88 4.53 


[ages w | rs | — | 25 | 30 1 35 1 40 145 | 50 55 | 60 <CED 


Tables VII. 3 X. are conſtructed Ts the 
Theorem 4— = which expreſles the number A 
of years certain, correſponding - to the value of 


the joint continuance of two lives, whole © com- 
plements are 77 and m. 


TABLE 5: 
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TABLE XI. Shewing the Probabilities of Life de- 
rived from the Bills of W in Edinburgh, 
5 N 1780. 


o OT: | | 
Ages. Liwing. Dd. Ages. Liviug Od. Ages. Living. Dd. Ages. Liv. Dd. | 
'l oi] 753 | 140 ü 24 4 345 4 48233672816 
14513 F741 257} 341.14 11 49] 227 [511 73 | 7546 
2 1539 40 26 | 337 4% 50] 221 |] 6 1} 74 | 69 [6 
31499 |28 || 27 | 333 [4 [| 51 ] 215-] 6 1} 75 | 63] 6 
4 | 471 | 20 || 28 329 4 52 | 229 [6 || 76| 5716 
5 | 451 [14 || 29 | 325 4 53 203 [5 |} 77 | 516 
61437 |12 || 30 | 321 |4 || 54| 198 [5 78456 
71425 [10 || 31] 317 [4551193 [5 79 39]5 
8.415832 3134 56188 8345 
9 407 633 309 457183682914 
10 401 E434 305 |4 || 58] 177 [6 || 82] 25 | 4 
111397 |. 4|| 35 304/59 171 [6 [| 83 | 21 | 3 
12. 393 4 || 36 |-297 | 4 || 60 | 165'] 7 1} 84 | 18] 3 
13389 437 | 293 [5 j| 61] 158 | 7 }] 85 | 15] 3 
14 | 395 4 38 | 288 [ 5 6215178612131 
is | 39%} 4 39 283 5 [| 63 12144 | 71} 87] 9|2 
16 377440 278 |5 j| 64 | 137 | 7 [| 88] 7|2 
17 373 4 1| 41 | 273 |S | 65 [139 [789 5|2 
13 | 369 | 4 ||- 42 | 268 3 66 | 123\| 7 [| go | 311 
19. 365 | 411 43 263 66716792 
20361 4% 44257668109 79214 ö 
21 | $57 | 445 2516 69102793] 010 | 
22 | 353 AE: bk 9] 9517 | | | 
$ "(ax E449 24" 471 239 6 | $547 08-67 05. '* | | 
4 


By Table XI. the number of births or burials 
is to that of inhabitants as 753: 21908—376.5, 
that is as 1: 28.67; 1 out of 22 arrives at 80 years 
of age, and the expectation and value of fe (at 4 
per cent.) are as follow. 
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It is required to find the amount of the po- 
pulation in the city of Edinburgh and its en- 
virons, anno 1792, excluſive of Leith. The an- 
nual number of burials= 1800; which, making 
allowance for adventurers, and an increaſing po- 
pulation, may be, to the births and ſettlers, (at 
15 years of 86) a 2. 31 and theſe laſt to one 
another, as 3: Hence, 


The annual number of births = 2000 
of burials = 1800 
of ſettlers = 700 


their ſum = 4500 


Therefore half this ſu m + 2 250 
multiphed by the mean expectation of life, 
viz. 28. 28.67 X35 +35 85 3 ab = 231.22 


will "PA with the addition of 755 in 
the caſtle, the number of inhabitants = 71,000 


a 


Table XI. is a ſtriking evidence of the im- 
provements in favour of life in the city of Edin- 
burgh, during the period of half a century, from 
anno 1740, at which time Dr Price conſtructed a 
table of 'obſervations adapted to that city, where- 
by he found, agreeable to the London tables, that 
only 1 in 42 of all who died reached 80 years, and 
that the expectation of an infant's life did not ex- 
ceed 18; which difference in favour of human 
life may ariſe from the encouragement given to 
trade in all its branches ſince the year 1745, 
whereby the bulk of the inhabitants are better 
fed, clothed, and-lodged, have more elbow-room, 
and freſher air, than at any former period. 


The 
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The Breſlaw table, (Table I.), conſtructed by 
Dr Halley, as alſo the Norwich and Northampton 
in point of expectation and value, with the hypo- 
theſis, and are ſuppoſed to be adapted to Europe 
in general; the London table (Table V.) corre- 
ſponds to a large and populous capital; and Table 
VIII. and XI. contain probabilities of life, which 
will be found to be adapted, either to Scotland 
in general, or to Edinburgh in particular. 

As annuities on lives are commonly bought or 
ſold at ſo many years purchaſe, the values aſſign- 
ed in Tables II. III. &c. may alſo be ſo reckoned; 
at the ſame time, they who ſell annuities have 
generally 14 or 2 years purchaſe of more value 
than ſpecified in the tables, from purchaſers 
whoſe age is 20 years and upwards. 


Ex, A perſon reſiding in London, aged 30 
years, wiſhes to purchaſe an annuity for life of 


L. 100 per annum; what muſt he pay for it, rec- 
koning intereſt at 4 per cent.? 


Here 13. 31 X 100 L. 1331, the purchaſe- money. 


An annuity begins to run from the date of the 
event which intitles it: and in the caſe of a ſimple 
annuity paid in money, the annuity ceaſes at the 
term prior to the annuitant's death; but in the 
caſe of an annuity ſecured by land, the heirs 
of the annuitant are intitled to payment to 
the laſt moment of his life. In this caſe, b 
increaſing the numbers in Table II. by. 27 of a 
years purchaſe, to 54 years of age, by. z, from 
54 to 70, and by. 4 from 70 and upwards, we 
thall obtain the preſent values nearly of an an- 


nuity (ſecured by land) of L. 1 per annum on a 


ſingle 


tables, publiſhed by Dr Price, agree, nearly exact | 


| 
| 
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ſingle life, ſuppoſing the decrements of life to be 


equal. ö 
As the real law, e to which human 
life waſtes, approaches much nearer to an arith- 
metical than to a geometrical progreſſion, all 
thoſe theorems! of Mr de Moivre are rejected 
which are built upon the principle, “ That the 
decrements of life are in a conſtant Ratio, ſec- 
ing they give the TRE of life too ee 
20; 2 


4 
#4 14 4 
_— CG FW > is _ 


3 W. 8 
PROBLEM TV. 00. 


* — 


'- Suppofing the Jecrements of life to be equal, It 

is required, to find the value of L. 1 annuity upon 

the longeſt of two lives, whoſe reſpective comple- 

ments are x and m, (in being the greater number), 

at a given rate of intereſt. | 2A 

| * 
64. 5D is the 8 that a life, whoſe 


complement i is u, will exiſt one year, and the 


chance of its failing in that time; but the 71 
of theſe two fractions is equal to unity: Therefore 
having one of them given, we may, by ſubtrac- 

tion, find the other. Now the probabilities of 
the N of thoſe lives for one year, are 


reſpectively A and *=2 ; and the probabilitics 


=} 


of their reel failing are 1—2 I and 1— A=. 
2 nm * 


conſequently the probability of their both failing 


in that time, will be 1 Z=IL XA "= which, 


LubtraQed from unity, leaves thy” probability of 
there 
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chere being one of them, at leaſt, exiſting at the 
year's end. But, 


2—1 X-7 . which, taken from unity, leaves 


—1 1 ml — — the firſt payment of 


n 7 
the annuity in the parts of L. 1. 


In like manner, — nt ND Is 


the ſecond payment of the annuity, &c.; hence, 
the required annuity may be expreſled in the fol- 
lowing manner: | 


But the ſeries in the firſt and ſecond columns, 
are the values of annuities on the ſingle lives, 
whoſe complements are a and m; and the third 
column is the value of an annuity upon the joint 
lives of the two perſons ; therefore, 

If, from the ſum of the values of theſingle lives 
of two perſons, the value of their joint lives be 
taken, the remainder will be the value of an an- 
nuity on the longeſt of them. 

Or thus: Let x and y repreſent the reſpective pro- 
babilities of the two lives continuing for one year ; 
iX I—y=1—x—y+xy, the probability of the 
two lives tailing in that time, ſubtracted. from 

| 1" unity 
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unity, leaves x+y—xy, the probability of one, 

at leaſt, of the two lives ſurviving the year; and 
by ſubſtituting the values of the lives in place of 
the probabilities thereof, (N and M being the va- 
lues of the ſingle lives, and NM, that of the two 
joint ones, ) then NM VT will be the value 
of an annuity upon the longeſt of them. 


Ex. It is required, to find the value of an annu- 
ity of L. 1 on the longeſt life of two perſons, whoſe 
reſpective ages are 35 and 25 years, allowing in- 
tereſt at 4 per cent. Here, | | 

| N+M=u 29.297 
= NM=1 I.095 


their difference =L. 18.202 is the value re- 


quired. 


If the two lives are equal, (N © being the value 


of the two joint ones,) then 2 M- will be the 
value of an annuity on the longeſt of them. 


/ 


P»*aOBLIMEX V;. 


Suppoſing the decrements of life to be equal, 


it is required to find the value of L. 1 annuity up- 


on the longeſt of three lives, (the values of the 
ſingle ones being given), at a given rate of com- 
pound intereſt. | | = 


65. By following a proceſs ſimilar to that ob- 


ſerved in the laſt problem, it might be ſhewn, that 


the value of an annuity upon the longeſt of three 
lives is equal to | | 
+ the values of the three ſingle ones, 
the three values of the joint lives, taken two 
and two, | | 
the value of the th. joint lives. Or 1 
ec 


FOES gf" — 


— a _* an. __ a >. 24 Sod s 


2 


i WET © 1 1 


Let x, 9, and = repreſent the reſpective proba- 
bilities of the continuance of the three lives for 
one year 3 then, 


1— N I—y X'I—2 = I—x— y—2+xy + x2 33 
—xy2, will repreſent the robabillcy of the three 
lives failing in one year, which ſubtracted from 
unity, leaves, 

x +1 +2—xy—x2—y2+xy2,the probability of one, 
at leaſt, of the three lives outhving the year; and 
by ſubſtituting the values of the lives in place of 


the probabilities thereof, (NMF being the value 
of the three joint lives,) then N+ M+F—NM— 


NF—MF+NMF=value of the annuity. 


Ex. Let the three ſingle lives be worth 13, 14, 
and 15 years purchaſe ; ſought, the value of an 
annuity upon the longeſt of them. Here, 

13+14+15+8.7=50.7. 


—10.I—10,5—10.9=J3I.5 


the value required = 19.2 


P.x © 3.3 ifs &: VL 


To determine the value of an annuity of L. 1, 
granted for a given term of years, denoted by u, 
on the contingency of its ceaſing upon the extinc- 
tion of an aſligned life, whoſe complement is m, 
at a given rate of compound intereſt. 


66. Since every payment of the annuity depends 
upon the continuance of the aſſigned life, whoſe 


complement is n, it will be worth 1 terms of the 


ſeries, viz. 


1 21 757 —2 Fee, 5 
8 RN > = mR73 (u) which may be divided 
into two other ſeries, viz. 


'T 2 
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» * - 3 
* — 2 4 * 
* ——— — 


— — —e— 2 « 


— — 
ie. 


. 


* 2 


= - 
— 
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f | $75 pr N 42 v6 | : 7 
X z+t=+Þ (1) =P. (47) fa 
| way 7 N 

ZK ITC) = Prob. 1ſt. = 


Hence P— = 2=Þ— = is the valuerequired, anc 


Ex. A, aged 40 years, engages to pay to B or — 
his heirs, an annuity of L. 1 for 15 years, if he 
(4) ſhall live ſo long. Sought, the value of B's an- 
nuity, reckoning intereſt at four per cent. Here, 
n=15,m=40, P=11.118,and p=.55526. Hence, 
11.118— 3. — 9.36, is the value of B' annuity. 


TABLE XII. Shewing the Value of L. 1 Annuity 
for a certain Number of Years, depending up- 
on the contingency of a given Life. 


Ages, computing intereſt at 4 per oent. L 
10 | I5 | 20 |'25 | 30 | 35 | 49 | 45 | 50 [ 55 | 60 J 65 | 5 

5 4.28 4.27 4-25| 4-24| 4.22 4-20] 4.17 4.14| 4.09 4-03] 395 3.83 36, 
10 7.56 7.52] 7.47 7.42 7.36 7-29] 7-20] 7.09] 6.94] 6.76 6.50 6-11] 5.y 
15 10.05 9.97] 9.89 9.79] 9.67] 9.53 9.36 9.14} 8.87] 8.50 8.00 727 Le 
20 [11.95 [11.83 11. 7011.54 ff. 3611. 1410.87 10.54|10-12] 9.56 8.78 

25 [12.36 13.20 13.02 12.812. 5612.261189 11.43 10.85 [10.08 

30 14.42 14.22 13.98 13.71 13.39 13.01 12.55 11.97 11.23 

35 5. 2014.94.66 14.34 13.9613. 5012.93 12.24 
40 15. 7615.48 [5.151377 14.32 13. 7911343 
[: 45 |16,27|15.8: | 15.56] 15.05 [14.54 |13-92] _ | | 

1: 30 16.45 16.0 15.680 15.21 14.65 | | B 


** — 


Mr Simpſon, in his ſelect exerciſes, p. 262, is th 
very defective in the conſtruction of this table; MW” 
which yet may eaſily be calculated from the rela- Wto 
tion which the above theorem hath to P 


— — 2 
— wu A — 


= — — " — — — * - . 
—— —— —— Tet i —— 


J —P =N; the value of the ſingle life, whoſe = 
complement is u, Prob. I. Thus, for | 4 


Ex. 
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Ex. A, aged 25, enjoys an annuity for the 
ſpace of 20 years, if he ſhall live ſo long; it 1s 
required, to find the preſent value of faid annuity, 
reckoning intereſt at 4 per cent. Here z=20, 
and m=61, the complement of the life; therefore, 


From the value of an annuity for 20 years = 13-590 
Subtract the value of a life aged 66 years = 7-333 


their difference = 6.257 
multiplied by 2 = 20 


, * ) [999 
their product divided by m = 61 } 125.140 \ 2.05 
There remains the anſwer ſought = 11.54 


A Queſtion of Inſurance on Lives, 


A, aged 16 years, is aſſured of the ſum of 
L. 500, in caſe he ſhall live to be 21 years of age 
complete; it is required, to find what premium 
he ought to pay to infure his life during theſe 5 


Du years, upon that ſum, 


PRA. | living 5 years. 
a  ,=A's chance of 
7 70 . in that time. 


But A's intereſt in L. 500 == X $500 EL 464.3, 


their difference, viz. L. 35.7, is the premi- 
um of inſurance; or A may lay his account 


to loſe 7 5oO L. 35.7, the ſame premium. 


If this premium be paid per advance, at a gi- 
ven rate; then —— =L. 29.34, its preſcnt value at 
4 per cent. | 

If A ſells his intereſt in this L. 500, at a gi- 


ven 
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ven rate; then — <E; 382.45, the value at | 
Per cent. See Prob. XV. Ex. iſt and 2d. 


Supplement to Problem J. II. III. IV. V. VI. Chap. VIII 


ART. 1. To find, by a geometrical figure, the 
value or amount 2 L. 1, or of L. 1 annuity, up. 
on a ſingle life, whoſe complement is u, at a gi. 
ven rate of intereſt, 


wi=| o | | 
13 


Al- o | 


| —ů— 
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, Seeing, that out of x perſons alive, at a 
ven age, whoſe complement is u, one is ſup- 
oſed to fail yearly, till they are all exhauſted at 

e age of 86; the two triangles V and Z, which 
ontain the value or amount of L. 1 annuity for 
+2+3. . .+7—1 years, will repreſent the va- 
ne or amount of L. 1 annuity upon » lives, 
Thoſe common complement is 7, at a given rate; 
d the two bottom columns P and M, which con- 
ain the value or amount of L. 1 for 1+2+3... 
years, will ſhow the value or amount of L. 1 
anuity for z years, at the ſame rate; hence, 


{ 


Vor Z =val, or am. of L. 1 annuity for 1+2+3 . . . +1—1 years, 
Por M = — or — of — for 2 years; then, | 


or Z 8 or am. of L. 1 annuity 2 a ſingle life. 
——= 
or M. 


— or — of L.1 whoſe complet. is u. 


r N 


2dly, But ſeeing that — is alſo value, and x 


rg amount of L. 1 upon a ſingle life, whoſe 
dmplement is u, at a given rate: 


lence N = — 


= value |\ of L. 1 annuity up- 
on a life, whoſe 
amount / complement is 2. 


. 
rn 


Ex. It is required, to find the value or amount 
L. 1, or of L. 1 annuity, upon a life aged 36 
ars, at 4 per cent. Here g o, P=21.482, 
=152.667, R=1.04, and r=.04. Hence, 


1 5 | 83 the hot I an- 
ru 2 


n 51.34 =s, the am. | nuity. 


3.053 Sam. 


age 30 years. 


P 5 8 LON =: 52 , upona life, 
1, WT 


ART. 
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ART. 2. To find the value or amount of I, 
or L. 1 annuity, upon the joint continuance of 
2, 3, 4+ + . « in lives, at a given rate of intereſt, 
Here, 


1ſt, Let » repreſent the mean complement of al 


| the hives," _ 
* e expectation of their joint 
8 continuance, 
X — the expectation of the longeſ 
liver, 


Por M —— the value or amount of L. 
5 annuity for x years, 
9 or A —— the value or amount of L. 
annuity upon a life whoſe 
complement is x, and 


pP or a the value or amount of L. 
5 for x years; then, 
E eo IN 
P, P, P, or M, M, M. 
| 
| | en 
LE Pb, P. Þ, or d, a, 4. | 


In Fig. 2. put AB nu, AC or CDS x, of con- 
ſequence CB or DK=n—x=X, and complete 

- the rectangle BD, and triangle &, Now, ſecing 
that out of » lives, whoſe mean complement is 1, 
one will fail yearly during x years, DB + N= 


xx P+velve of a life whoſe complement is x 
multiplied 


* 


multiplied by «, will repreſent the value of L. I 
annuity upon x lives for x years; and the bottom 


column, viz. „ X XN, will ſhew the value 
of L. 1 on n lives for x years; hence, | 


nx 2 | Val. or am. of 
al A5 n u L. I annuity. 
— Xpora+Por M Val. or am. of 


* L. 1 during the joint continuance of the lives. 

Ex. It is required, to find the value or amount 
of L. 1, or of L. 1 annuity, upon the joint conti- 
nuance of three lives, whoſe reſpective ages are 
40, 36, and 26 years, reckoning intereſt at 4 per 
cent. Here, 

1 5a, * = 12.88, X= 39.12, P. 913, M= 
16.434, Q 5, A=6.9, P. 6035, and 4 = 1.657. 


Hence, 


387.796 ＋64.4 ; 8.696 wh: e 
042.898 + 88.87 — 52 =4 14-072 Sam.“) ann. 
23.69 ＋ 9.913 6446 = val. zot L. I 
64.822 +10.4.34 1.503 fon du- 


ring the joint continuance of theſe three lives. 


2d, In the caſe of nequal lives, whoſe common com- 
plement is 2, x = * T -, and the co-efficients of P 


artd vt I EAZ ICE - 
NY, 5 32 * _ Hence, 
| — 
| mx P or M __ Dor 4A val. or am. of L. i ann. 
„ or a4 (M= value or amount 
A 


on of L. 1 upon the joint continuance of theſe lives. 


ing In the caſe of 4, 5,... m unequal lives, find 
s nM fbcir mean age, and conſider it as the age of fo 
) = many equal lives. 
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= = 22 IS m—S — * 4 - - & 
E = 4 -— - _ — — — — — => 
= — — — — = a — OS — — = — 
_ | — — 2 . — af. a £2 2 E 
— 4 — be 2 - —_— a my — 
— 2 =P, 5 —.— —— ul _— I ET » | - 6 A 3 - 
— w + - * — — 4 * * 5 = D W .- *» - — * 
* Ly 1 1 . — - A = mh. ——ũ—3—ů—ã— —— - . 7 yt _ 
- _ 2. 2a * 3 = * | 
_ — — — 1 1 YEW —— 222 * * x * _ - — 
> 2 —— — - be = 
— 2 2 922 — — —_— —— 
l * z 
= l 


— * 
— — 
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_ ART. 3d, To find the preſent value or amount 
of L.1, or of L.1 annuity, during the longeſt li- 
ver of two or more lives, at a given rate of in- 
tereſt, 


1ſt, Let z repreſent the mean complement of all 
the lives, 


* the expectation of their joint 
continuance, and 
— X — the expedation of the longeſt 


7 liver ; then 
In Fig. 3. make AB or BD=2X, AC or CH= 
zx, of conſequence, CB or AK=2X— 2x S twice 


the 
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it j TT: 
: che expectation of ſurvivorſhip, and complete the 
. Mingle DAB. Here, 
[2 æ val. or 
0 AB — 9 4 Am. 

The triangle D Val. or am. | of longeſt liver. 

l 2 af a life f 2x val. or am. of 
whoſe com- | joint continuance, 

" | piement 18 | {2X—2x=value or 

* (amount of ſurvi- 
& rorſhip, computed at the diſſolution of the joint 


lives, which value, x _— 2, and added to that 


e Hof L, will alſo give the value of the longeſt liver, 


nearly exact. And the amount of , x 1+rs, 
and added to that of Z, will likewiſe ſhew the a- 
mount of the longeſt liver, nearly. 


Ex. It is required, to find the value and amount 
of L. 1 annuity upon the longeſt liver of three lives, 
whoſe reſpective ages are 40, 36, and 26 years, 

11 WI per cent. Here, 


2, #=12,69, A n hence, 
The triangle DAB? = 17.076 val. 5 L. I an- 


by Art. 1. = 138.9 Sam. nuity upon 
the longeſt liver of theſe lives. 


* 2d, To the value of 2. = — 8.962 
add that of Z, x == = - 8.013 


Their ſum = value of the longeſt liver = 17.775 


And to the amount of Z=s = = 50.42 
add that of 2D, X 1 +15 2 * 56.78 


—— — 


Their ſum S amount of the longeſt liver =11 3.20 


the ; : 
9 2 Th. 


4 
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The value or amount of L. 1 annuity upon the 
longeſt liver, found thus, would be exact, were it 
not for this circumſtance, that the triangle DAB 
ſtretcheth with its vertex into the regions of im- 
probability, where human life cannot reach, and 
of conſequence gives a value rather ſmall, and an 


amount too great; to remedy this, obſerve the 
following Method. 


34, Let u, x, and A repreſent as above, 
Put Por M value or amount of an annuity for 
n years, 
9 or A =value or amount of a life whoſc 
complement is z, and 
5p or à =value or amount of L. 1 for & years; 


then 


8 — 2 3 KI 24S 
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In Fig. 4. put AB an, EB or BD=2X, FB 
or BC en, and complete the ſquare H, the rect- 
angle KB, and the triangles DEB, and CFB, and 
join KF, Now it is evident, that the value or a- 
mount of L. 1 annuity upon the longeſt liver of 
any number of lives, where the mean comple- 
ment of all the lives is 2, will vibrate betwixt 
the triangle Q and ſquare H; and that the line 
KF, and point X, will limit theſe values; hence, 


2 1765 7: — val or am. of 
xe MH =2x he 2 or A 3 ig annuity, 
3 Xp or a+ZX P or M val. or am. of 


L. i upon the 
longeſt liver of theſe lives. 


Ex. In the example to this article, 2 g= 52, x 


212.88, X= 39. 12, P 21.748, M= 167. 165, 2 


=14-126, A=55-37s P. 1301 and a= 7.687; 
Hence, 


570.6674 353.686 17.968 =val ſof L. 1 annui- 


83 Sam. | ty. 

385.41 +1426-33 11167 y 
3414+ 10774 e 7 «2728=val, of L. 1, du- 
201707 ＋ 82.811 5-471 =am. {ring the longeſt 


liver of three lives, whoſe reſpective ages are 40, 36, and 26 years, 
at 4 per cent. 


4th, In the caſe of m n lives, whoſe com- 
mon complement is 2; S K 2 Is 
P value of L. 1 annuity for x years, &c, and 


the coefficients of P and E viz. —.— — 


75 n 2 ** 


=> . ce, 
mu- Herde Hence, <q 
iP or = Xx Lor A) value or amount of L,1 


— X þ or a+—X Por M I= — annuity. 


value or amount of L. 1 


upon the longeſt liver of theſe equal lives. 
Ex. 


* 


of 
— 
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Ex. Sought, the value of the longeſt liver of 4 
equal lives, whoſe common age is 30 years, at 4 


per cent. Here, | 

m=4, P=22.2198, and Q=14.684. Hence, 

3X22-2198 + 2X 14-684 | 
5 


In the caſe of an unequal lives, find 
their mean age, and conſider it as the age of ſo 
many equal lives. 


=19.205 =value required. 


5th, If the value, &c. of an annuity be requi- 
red, which {hall continue during the longeſt liver 
of q out of m 5 of a given age and at a given 


rate; here X === — =expect. of the longeſt liver. 


ee of an annuity for x years, &c. and 


Exp or MCN i- 2X Nor 4 es = Fg 17 — 
— Nc þ Or Nx Por, a 


Far or a- 
mount of L.! 


during the longeſt liver of g out of lives. 


Ex. It is required to find the value of L. 1 an- 
nuity upon the longeſt liver of 10, out of 15 
equal lives, whoſe common age is 22 years, at 
4 per cent. Here, 


m=15,q9=10, P=22.968 and g 15.669 ; hence, 
2 X 22 968 + X 15-69 


: —=17.494, the value required. 


When is leſs than . the firſt term is negative. 


Akr. 4. To find the value or amount of L. 1, 
or of L. 1 annuity, for a term of years denoted 
by u, but ſubject to failure on the contingency 

of 


% 
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of an aſſigned life, whoſe complement is m, at a 
given rate of intereſt, 


In fig. 2. ſuppoſe AB=m, AC" or CD=n, and 
let the rectangle DB and triangle & be completed; 
now, ſeeing that out of m lives, whoſe comple- 
ment is m, one is ſuppoſed to fail yearly during 1 
years, let 


P or Mg value or amount of L. 1 annuity for # 
years, 


Lor 4 = or — of an annuity upon a 
8 life whoſe comple- 
ment is 7. 
$078 := or of L. 1 for » years; 
then | 
m-nxPorM+nx29or 4 >. 3 or am of L. i annuity. 
— * or 42 ＋ P or M © a - or — of L. 1 for a 


term of years denoted tt n, on the contingency 
of an aſſigned life whole complement 18 m. 


Ex. It is required, to find the value or amount 
of L. 1, or of L. 1 annuity, during the term of 
15 years, yet liable to be demanded, or ſubject to 
failure, on the contingency of a life aged 36 
years, at 4 per cent. 


Here a = 15, m=50, P. 11.1184, Af== 20.0230, 
„ii, F= $36, , ad = Lv 


Hence, 


339.144 + 85.2 9. oi = value | F 
700825 ＋ 125.70 (. = 383 of L. 1 annuity. 
19.435 T 11.118 3 


611 R value of L 1 during the 
63.000 + 20-024 1.56 Samount J term ot 15 years, 


on the contingency of a ie aged 36. 
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REMARKS. 


1/, The values, &c. acquired by Art. 1. and 
4. are perfectly accurate, and agree exactly with 
the algebraic inveſtigations, ' Prob. I. and VI. | 


24, The value, &c. of the longeſt liver, found 
by Art. 3. is diſcovered with much leſs labour, 


and is nearly as accurate as the reſults of Prob. 


IV. and V. 


34, The value, &c. of 3,4... m joint lives, 
Art. 2. is as perfect as the nature of the ſcience 
will admit. The value of 2 joint lives is nearly 
correct at the early periods of life; but it declines 
as life advances, in ſuch a manner, that, at the 


mean age of 40, it would require 1 year's pur- 


chaſe to be added to Q at 4 per cent. to make it 
correſpond with Prob. II. and III. 


4th, The theorems contained in theſe articles, 
(excepting caſe 2d, Art. 1.), may with equal pro- 
priety be applied to, life-annuities at fimple inte- 
reſt, by making uſe of tables of ſimple, in place 
of thoſe of compound intereſt. They may alſo be 
uſed in finding the value of life from a table of 
obſervations. 


Ex. ift, To PIT from the Fife Table of Obſer- 
vations, the value of the joint continuance of 
two lives, whoſe reſpective. ages are 3o and 25 
years, at 4 per cent. Here, 


N= 


N=932.54|x No failing in Mf years = 15. 84 

M= 34. 99 = —x 251.69 

Sum n = 67. 5 30 Pr val. of ann. for VMMyrs = 14.63 
NM = 22.45 Q val. of a life - = 8.05and 
51.69 X 14:63 Þ15-B4X3:95 = 13.08, value ſought ; 


687.53 
rhich agrees nearly exact with the reſult of the 


eorm A. 


Ex. 2d, To find the value of the longeſt liver 
f two lives, whoſe reſpective ages are 40 and 30 
years, at 4 per cent. from the ſame table. Here, 


2X — 1 220.37 
2n — 2X = 38.00 
—val. of ann. for n years = 22.466 

N= 19. o00 Q val. of a life aged 35 =15.60 
dif, =X= 39.37 Hence, 


2 +35 X50 — 18.00, value; which is the 


ame with the reſult of the theorem X — N x 4, 
rob, III. Caſe 2. 


a _ 
— 
— --- 
| — 
ew mk 2 
—_— — 


. ” l 1 _ — — — pry 
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PROBLEM VII. 


67. T O find the value of the reverſion of an eſtate 


in fee ample, after one or more lives of given age, 


at a given rate of compound intereſt. Here, 


„ N : the reverſion, in per. 

1 | petuity, of L. 1 per an. 

(NG ene nn RP £2 | num, after a life whole 
F: r ar ur | value is N, at a giva 


rate of intereſt. 


Ex. Sought, the value of a reverſion, in per: 
petuity, of L. 1 per annum, after the life of a per 
ſon aged 43 years, allowing intereſt at 4 per cent 
Here, 


I W 80 5 
——N=—=25—12.683=12.317, the reverſion 


In like manner, 


* ſ 2 joint lis 
: Sa reverſion in perpetuity after 
5 NAT. z joint live 
If the purchaſe is diſcharged in yearly pi 
ments during the continuance of the life or lives! 
queſtion ; in this caſe, the reverſion, divided | 
the value of the life or lives, will quot the al 
nual payments. 


* 


25 years, ſell the reverſion of an eſtate whoſe rent 
is L.150 per annum, for yearly payments during 
the longeſt of their lives; ſought, theſe payments, 
reckoning intereſt at 4 per cent. Here, 


25—18.202 = 6.798 
multiplied by 150 


And the product divided by 18.2)1019.7(L. 56, the 
annual payment. | | 

If the firſt of the annual payments be made per 
advance, the above diviſor, viz. 18.2, increaſed 
by unity, will quote L.52.1, the annual pay- 
le ments, 


Cor. 1ſt, To find the preſent value of L. 1, due 
at the deceaſe of a perſon of a given age, at a gi- 
ven rate of intereſt. 
. L. 1, or any other ſum of money, may be con- 
ceived to be the preſent worth of a perpetuity, 
whoſe rent is equal to the intereſt of that ſum for 
one year; hence, the reverſion of a fee-ſimple 
equal to that intereſt, after the given life, will be 
the value required. Thus, 


1 RP ET 
7 — NXr=1—rN=—Xr=— would be 
ar n 
the value required, were it not for one circum- 
ſtance, viz. that, from the nature of the calcula- 


of a reverſionary annuity becomes due, is the end 
of the year in which the event happens that en- 
titles it. This is alſo the time when a reverſionary 
ſum becomes due. But an annuity, the firſt pay- 


ment of which 1s to be made at the ſame time with 
X 2 . another 


Ex. A and B, whoſe reſpective ages are 35 and 


tion, the time in which the firſt yearly payment 
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another payment of a ſum in hand ſufficient . to 


„ an” 
buy an equal annuity, is worth one year's purchaſe Ncherec 
more than the ſum. Hence, 

* See 

7 the value of L. 1 due at the de- I. 13 
ceaſe of a perſon whoſe complement of life is », {Wexpre 
Or thus: ure C 

=the preſent erobability, that a life whoſe 
ne is 2 will fail in any one aſlign- Ea 
able year of its duration; (ſee Prob. XIX. caſe 1,) rate 
Hence, 
44-3 
+= +— (2) = S the preſent value of Ws, wi 
L. 1, payable at the failure of a life whoſe com. beo 
plement is 2; which, multiplied by , a ſum due 
at the cloſe of a given life, will produce the pre- 
ſent value thereof. 

Ex. Let there be a legacy of L. 100=s, due at Wi 66 
the deceaſe of a perſon aged 60 years; ſought, its it is 
preſent value, at 4 per cent. Here, an a 

| a Þ 
FX —= 100X.0147=L.61.47, the value required, ¶ ceaſ 
| of 11 


Cor. 2d, To find what ſum ought to be paid, on 
the deceaſe of a perſon of a given age, in con- 
fideration of L. 1 now received. It is evident, {Wot t 
that the reciprocal of the former corollary will yea 
be the anſwer in this. Thus, 


— * = S the ſum which ought to be paid at N con 


the deceaſe of a perſon whoſe complement of life 
is u, for L. 1 now received, which, multiplied by 


Pr 
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„ any preſent ſum, will produce v, the amount 
thereof at the mr 15 a MY life. Or thus: 


Seeing LINES +— e == the amount of 


L. 1 annuity for 7 years certain divided by u, and 
expreſſes the amount of L. 1, payable at the fail- 
ure of a life whoſe W is 1; therefore, 


PX = — 

Ex. Let þ=L. 100, the age 60 years, and the 
rate of intereſt 4 F cent. : Here, n= 26, M= 
44.3117, and þ x — — =100 X 1. 7043 = L. 170.43= 
;, which is the ſame with the reſult from the 
theorem PN 1+rs of Table IV. 


PROBLEM VIII. 


68. Suppoſing the decrements of life to be equal, 
it is required, to find the value of the reverſion of 
an annuity, which is to continue during the life of 
a perſon whoſe complement is m, after the de- 
ceaſe of the preſent poſſeſſor, whoſe complement 
Jof life is 2, at a ths rate of intereſt, 


21 


— 


| are the probabilities 
of the poſleflor 8 aying in the firſt, ſecond, &c. 
years; and = =, == &c. are the probabilities of 
the expectant” 8 hring to the end of the firſt, ſe. 


1 IL 
3 


77 


cond, &c. years. Hence —X I — 


are the probabilities that the expec- 
tant 
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tant will receive the firſt, ſecond, &c. yearly 
payment, which probabilities being expanded by 
multiplication, and their preſent values found, 
will give the value of the reverſion, VIZ, 


— — — 


m—1 —1 — 
m R ä mR * 
m—2 M—2 X 1—2 

— - — &c. 
mR mn RA 


But the ſeries in the firſt column is the valu 
of the expectant's life, whoſe complement is n 
and the ſecond column contains the value of the 
joint lives of the poſſeſſor and expectant. There. 
fore, if, from the value of the expectant's life 
the value of the j Joint lives be taken, the remain- 
der will be the value of the reverſion. 

Or thus: Let I Xx y=y—xy be the probability 
that the expectant will outlive the poſſeſſor the 
firſt year; then, by ſubſtituting the values of the 
lives in place of the probabilities thereof, M 
NM will be the preſent value of the expectant 
life after the death of the poſſeſſor, or the value 
of the reverſion required. 


Ex. Let the reſpective ages of the expectant 
and poſſeſſor be 25 and 30 years, and the rate of 
intereſt 4 per cent, then M=15.318, N= 14-604 
and NM=11.468; hence, A 8 5, the 

value of the reverſion. 


ON LIVES. 


Of a Widows Scheme. 


69. Tur reſolution of the ſeveral queſtions 
reſpeQting a reverſionary annuity to one life after 
two, is derived from the above theorem, viz. M 
—NM=the value of the reverſion. There are 
two caſes of ſuch an. annuity, which differ from 
or agree with one another 1 in a few particulars. 


Caſe 1. A and B, whoſe reſpective ages are 30, 
and 25 years, agree to pay a certain ſum in hand, 
or a certain annual rate during the continuance 
of their joint lives, in order to purchaſe an an- 
nuity to B after A's deceaſe. Sought theſe, rec- 
koning intereſt at 4 per cent. 


M—NM=3.85 =ſum in hand, or preſent enki 


_— = L.0.3357 = annual rate payable during 


their joint lives to ſecure L. 1 annuity to B. 
In this caſe, the payment of the rates ceaſes at 


the cloſe of the joint lives, whether A be alive or 


not, and B is ſuppoſed to be the ſurvivor. 
Had this caſe been conditional, viz. © if B ſhall 
ſurvive A,” the ſum in hand and annual rate muſt 


be diminiſhed by —=-=.681, the probability of 
B's ſurviving the diſſolution of marriage. 

Had part of the preſent value of the annuity, 
ſuch as L. 1.5 been paid in ready money, the 
remainder, divided by NM, quots the annual 
rate; and were the rates payable per advance, 
NM + 1 will be the diviſor. 


Caſe 2d, Is that of a widows ſcheme, where 
either 
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either a certain ſum in hand, or an annual rate 
during the life of A, is paid, in order to ſecure 3 
proviſion for B, after A's deceaſe, or, failing RB, 
fo many years purchaſe of her annuity to their 
children. 

This caſe differs in toto from the conditional 
one mentioned above; and in part from Caſe iſt, 
in this, that the annual rate is paid during the 
life of A; but agrees with it in ſuppoſing that 
either a widow or children are left a burden 
upon the ſcheme. Therefore, 


Let the reſpective ages of A and B be 3o and 
25 years, and the rate of intereſt 4 per cent; then, 
M— NM= L. 3. 85 =ſum in hand, or preſent Va 

lue. 
M— NM 

- 
the expence of management, payable during the 


life of A, to ſecure L. 1 annuity to B, after A, 
deceaſe, or, failing B, 10 years purchaſe of her 
annuity to their children. 

This, I acknowledge, 1s different from the u- 
ſual method of conſtructing a widows 15 
and in particular from that recommended by Dr 
Price, whereby, to find the annual rate, the pre- 
ſent value of the annuity muſt be divided by 
that of the joint lives, as in Caſe iſt; making 


= L. o. 2622 = annual rate, excluſive of 


the full value of the annuity, in the preſent in- al 
ſtance, to be paid in 19, whereas A hath a chance ta 
of living 28 years: Beſides, tl 
e accumulated during L. 13-74 . 
| 3 2622 ann. 1 life, by Tab. IV. LE Ls 10.83 
«+3357 ann. 


L.21.55 and x 
b 


val. of B's ann. atwidowity, perſaidtab. L. 14.20 
The above rate or value, multiplied by any 
ä | annuity 
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annuity, will, with the addition of the expence 
of management, ſhew the rate or value correſpond- 


ing to that annuity. the ages being 30 and 25s. 


Thus, : | | + 
Exp. | Ann. Rate. Value: Exp. | 
25 + 10 2.872 [L. 38.5 L. 25 p. an. 
375 ＋ 15 . 308 57-75 | +375, 

5 TJ. 2622 XK 20 5. 744] 77.0 with] .5 

625+ 25 2 . 180 96.25 625 

5 + 30 88.616 115.5 75 


Again, let the reſpective ages of A and B be 
40 and 50 years, the annuity L. 20, and the rate 
of intereſt 4 per cent; then 4. 2 56 X 20 L. 8 5. 12 
=value of the annuity; and, 5.3225 X 20 
L. 6.95 annual rate. But the number at the 
former ages may be to that at the latter, as 3: 1; 


. 6.91 
thence £244 8 18. 6.0 5,themean annual rate 


correſponding to L. 20 annuity. 

Had theſe rates been conſtructed upon the prin- 
ciples of the expectation of life, as in the Church's 
Scheme; in this caſe, the preſent value of an 
annuity for 20 years, at 4 per cent. =13.590 


divided by the amount thereof for 30 years = 56.085 
quots the annual rate=L..2423, which 1s leſs 
than the above. In ſuch a ſcheme, in order to 
aſſiſt their operation, and to balance the advan- 
tage of the marriage- tax in the Church's Scheme, 
the rates might be paid per advance the wi- 
dow's annuity may begin to run from the firſt 
term of Whitſunday or Martinmas after the de- 
ceaſe of the contributor ;—where there is no wi- 
dow, 10 years purchaſe of her annuity might 
be granted to the children of a contributor, with- 
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in a twelvemonth after his deceaſe ;—if a contri. 
butor, before his death, hath not paid 10 annual 
rates, a deduction might be made out of the pro- 
viſion of the widow or children, till the balance 
be recovered ;—and for each 500 contributors, 
the annual expence of management ought not to 
exceed L. 110. 

Suppoſing then, that there were 500 married 
contributors in this ſcheme, of 30 years of age 
and upwards, whoſe number being conſtantly 
. 

Their expectation of life = 32.5 years 
The number dying yearly = 15.0 

of whom, 11 will leave widows, 3 of them, fa- 

milies of children without a widow, and1, neither 

a widow nor children. 

The annual number of marriage taxes, each 


at L. , = 3-0 
The expectation of widowity, 5 
The maximum of annuitants, — To 


of whom 203 will draw full, and 11, including 
heirs, half annuities; and the families of chil- 


dren, a _ 3.0 
Deductions out of the proviſion of wi- 

dows or children, = L. 82.6 
The medium of annuities L. 20, and 

of rates, L. 6.0; 


The annual expence of management = L. 110 
And the capital neceſſary to ſupport the 
ſcheme, when the annuitants {hall arrive 
at a maximum, = L. 41,390 


Of a M. arriage- Tax. 


70. A marriage-tax may be conſidered as the dif- 
ference 
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ference in point of value, of the two Widows An- 
nuities, computed at the commencement of the 
ſecond marriage: Thus, 


— — — — — - 
— <ncne — = — pn 
* 4 * 
— — 
* ** * — 
. % . i — 3 — = 


Suppoſing the above contributor becomes a 
widower, and at the age of 40 marries a ſecond 
wife, whoſe age 1s 3o years ; ſought, his marriage- 
tax, at 4 per cent. 

From the value of two joint lives aged. 40 

and 30 years, = L. 4.25 
Subtract that of two joint lives aged 40 h 

and 35 years, = 3-822 


—— — — ͤ AUuTDy—— 


— — _ 2 
5 — = 7 — * * 4 
— _ 4 a — 4 * * Aa 
2 — — — © ITS . T_T —_— 4 
5 Y KK PICS \ — -- => 


The remainder, = 434 
Multiplied by 20, will produce the tax for 
that annuity, = L. 8.68 


Queſt. A and B, whoſe reſpective ages are 60 
and 40 years, are ſubjected to the burdens and 
enjoy the advantages of a widows ſcheme, where- 
in B's annuity, ſhould ſhe ſurvive A, is L. 25; 
B, defignmag to ſell her annuity, defires to know 
the preſent value thereof, reckoning intereſt at 
4 per cent, 


The expectation of the joint continuance of .. 
theſe two lives, — 10. 55 i 
And B's probability of ſurviving tl the diſſolu- 
— * 
tion of marriage is of conſequence, Es i = 77 


But M—wv41= 5.686 would be the years pur- 
chaſe of the annuity, were it certain that B would 
be the ſuvivor, Hence, 


77X F. 686 x 25 . 109.455,1s the value required. 
Or thus, A's expectation of life = 1 13, and B's 


Mm 1 


probability of ſurviving A = —— = =Y = e717; 
» | hence, 
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hence, B's age at A's death would be 53 years, 
whoſe value, viz. 10.702, reduced for 13 years, 
at 4 per cent, gives 6.4.3, the years purchaſe of the 
annuity, were it certain that ſhe would ſurvive 
A; hence, .717X6.43X 25 = L. 115.25, is the 
value required. s 


PROBLEM IX. 


It is required, to find the value of the reverſion 
of an annuity, which is to continue during the 
joint lives of two perſons, after the deceaſe of the 
preſent poſſeſſor, at a given rate of compound in- 
tereſt. 


71. Let x, y, and 2 be the reſpective probabili- 
ties of the continuance of the three lives for one 
year; then 1— will be the probability of the 
poſſeſſor's life failing the firſt year; which, mul- 
tiplied by xy, gives xy—xy2, the probability that 
the two expectants will outlive the poſſeſſor the 
firſt year. Hence, by ſubſtituting the values of 
the lives in place of the probabilities thereof, 


the value of the reverſion. 


Therefore, if, from the value of the two joint 
lives in expectation, the value of the three joint 
lives be ſubtracted, the remainder will be the 
reverſion of two joint lives after one. 


Ex. Let the reſpective ages of the two expec- 
tants and poſſeſſor be 43, 54, and 66 years, and 
the rate of intereſt 4 per cent. then, 
| From 
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From the value of the two Joint lives 
in expectation = 8.364 
Subtract that of the three joint lives = 5. 152 


The remainder = 43.212 1s 
the value of the reverſion of two joint lives after 
one. 


PROBLEM X. 


To find the value of the reverſion of an annui- 
ty, which is to continue during one life, after 
two joint ones, at a given rate of compound in- 
tereſt. ; 


72. Let xy repreſent the probability of the 
two lives in poſſeſſion outliving the firſt year; 
then 1—xy 1—xyX $=2S—xy2 will be the probability of 
the life in expectation outliving the two lives in 
poſſeſſion the firſt year; hence, 


F—NMF will be the value of the reverſion; 
Therefore, 


If, from the value of the expectant's life, the 
value of the three joint lives be taken, the re- 
mainder will be the value of the reverſion of one 
life, after two joint lives. 


Ex. Let the age of the life in expectation be 43 
years, and the ages of the two lives in poſſeſſion 
54 and 66 years, allowing compound intereſt at 
4 per cent. Then, 

From the value of the expectant's life = 12.683 
Subtract the value of the three joint lives = 5.152 


— — 


There remains the value of the reverſion = 7.531 


PROBLEM 
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PROBLEM Rl. 


To find the value of the reverſion of an anny- 
ity, which is to continue during the life of a gi- 
ven age, after the longeſt of two lives, whoſe a- 
ges are alſo given, at a given rate of compound 
intereſt, F 


73. Let x, y, and repreſent the reſpective pro- 
babilities of the three lives continuing one year, 


Then 2X 1—xX 1—y =2—x2—y2+xy3 will be 


the probability of the life in expectation outliving 


the other two the firſt year; and F—-FM— NF 
+ MMI will be the value of the reverſion of the 
life in expectation after the other two. 

But if the reſpective values of the longeſt of 
two and three lives, Prob. IV. and V. be compa- 
red with this, it will appear to be their difference; 
Therefore, | 

If, from the value of an annuity on the long- 
eſt of three lives, the value of an annuity on the 
longeſt of the two in poſſeſſion be taken, the re- 
mainder will be the value of the reverſion on the 
third life, after the other two. 


Ex. A, who is 43 years of age, is intitled to 
the reverſion of an eſtate for his life, after the 
deceaſe of his father and of his mother-in-law, 
whoſe reſpective ages are 66 and 54 years; 
ſought, the value of A's intereſt in the eſtate, al- 
lowing 4 per cent. 


From 
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From the value of the longeſt of the 


three lives 15. 190 
gubtract the value of the longeſt « of | 

the two poſſeſſors lives = I 1.904. 
Remains the value of the reverſion, = 43.286 


PROBLEM . 


To find the value of the reverſion of an an- 
nuity, which is to continue during the longeſt of 


two lives after one, at a given rate of compound 
intereſt. 


4. Let 1—xX 1— 2 I —x—y -A repreſent 
the probability of the two lives failing in one 
year, which, being ſubtracted from unity, leaves 
x+y — xy, the probability of one, at leaſt, of the 
two lives outliving the year ; and this laſt expreſ- 
fon, being multiplied by 1—s, gives x+y — xp 
— x2 — y}2+x72, the probability that the longeſt 
of the two lives will ſurvive the third the rſt 
year. Hence NN — NM — NF — MF+ NMF 
will be the value of the reverſion of an annuity 
upon the longeſt of two lives after one; but this 
value is the difference of the reſults of Prob. I. 
and V. Therefore, 

If, from the longeſt of the three lives of a poſ- 
for and two expectants, be taken the value of the 
poſſeſſor's life, the remainder will be the rever- 
lion of the longeſt of two lives after one. 


Ex. Let the reſpective ages of the two expec- 


tants be 43 and 54, and that of the poſſeſſor 66 
years, and the rate 4 per cent. 


From 
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From the value of the longeſt of the 
three hves = 15. 190 


Take the value of the poſſeſſor's life = 7.333 


Remains the value of the reverſion = 7.857 


PROBLEM XIII. 


To find the value of the reverſion of an an- 
irg, where a given term of years is concerned. 


75. 1ſt, To find the value of the reverſion of 
an aſſigned life after a given term of years, 


Ex. A, aged 15 years, expects to enter upon 
an eſtate of L. 100 per annum, after the expira- 
tion of 10 years, which he is to bold during lite; 
ſought, the value of his expectation, reckoning in- 
tereſt at 4 per cent. Here, 

From the value of the propoſed life = 16.410 
Subtract the value of an annuity for the 

given term of years, on the contingen- 

cy of its ceaſing upon the extinction 

of the propoſed life, found by Prob, 

* 7. 540 
The remainder multiplied by . 

L. 887, is the value of A's apc 8.870 

tion, | 


2d, To find the value of the reverſion of an 
annuity, for the remainder of a given term of 
years after an aſſigned life. 


Ex. A, aged 25 years, who has the right of an 
annuity 


{ 
k 
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e 


annuity for 31 years certain, makes over the re- 
verſion. thereof to B and his heirs, to enjoy the 
ſame after his deceaſe for the remainder of the 
ſaid term; ſought, the value of B's expectation, 
reckoning intereſt at 4 per cent. 


From the value of the annuity certain 
for 31 years, = 17.5 88 
Subtract the value of the annuity for 
the ſame term, on the contingency of 
its failing on the extinction of &-8-: +7 
life, found by Prob. VI. 13.858 


Remains the value of B's FTA = 4. 


3d, To find the value of the reverſion of an 


annuity for a certain number of years, after an 
aſſigned life. 


Ex. Let the given age be 50, the term of years 
12, and the rate of intereſt 4 per cent. Then, 


The value of the life is 11.344, the neareſt to 
which in Tab. V, of annuities certain is 11.118, 
correſponding to 15 years; 

But 12 + 15 = 27 = 16.496 the value 
of the life and reverſion ; 


Subtract the value of the life = 11.344 


There remains, 5.152 =the value 
of the reverſion of 12 years, after a life of 50. 


4th, A perſon, 35 years of age, wants to buy 
an annuity for what may 7 to remain of 
his life after 50 years of age; ſought the value 
of ſuch an annuity in ready money, and alſo in 
annual payments for 15 ycars, till he attains to 


; the 
y | - 
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the ſaid age, ſubject in the mean time to failure, 
ſhould his life fail. | 

The preſent value of ſuch an annuity is equal 
to the value of a life at 5o, multiphed by the 
preſent value of L. 1 to be received at the end of 
15 years, and alſo by the probability that the gi- 
ven life will I ſo long. That is, 


11.344 X+5553X 8 44% the number of years 


purchaſe that ought to be given for the annuity, 
reckoning intereſt at 4 per cent. 

Now, ſuppoſing the annuity L. 50, its value in 
preſent money 1s L. 222, 


Or thus: From the value of a life of 35 


years, = 13-979 
Subtract its value for 1 15 years, ſubject 
to failure, = | 9.533 


Remains the years purchaſe of the annuity, = 4.446 


And L. 222, the value of the annuity in ready 
money, divided by 9.53, its value for 15 years, 
gives L. 23.3, the annual payments till the life 
attains to 50 years. ; 


5th, To find the preſent value of an annuity 
to be enjoyed by one lite, for what may happen 
to remain of it beyond another life of equal age, 
after a given term; that is, provided both lives 
continue to the end of a given term of 288 
Here, 

Multiply the value of the annuity for the two 
joint lives, plus the given term of years, difcoun- 
ted for the given term, by the probability that 
the two given lives ſhall both continue the given 
term; the product will be the anſwer. 3 

x. 


*- 
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Ex, Let the two lives be each 3o, the term. 7 
years, the annuity L. 10, and the intereſt 4 per 
cent. | 


From the value of a ſingle life at 30+7 = 13.07 

Subtract the value of two joint lives, each 37 = 10. 25 

Remains, the value of an annuity for the 
life of a perſon of 37 years of age, after ( 
another of the ſame age, which, being 
diſcounted for 7 years, = 2.6. 


The probability that two lives at 30 ſhall con- 
tinue 7 years is (by Mr De Moivre's hypotheſis) 


2 * 2 765; and 2.6 X. 765 1.989, the num- 


—— of years purchaſe which ought to be given for 
an annuity, to be enjoyed by a life now 30, after 
a life of the ſame age, provided both continue 7 
years; and the annuity being L. 10, its preſent 
value 1s L. 19.89. 

In like manner, ſuppoſing the term one year, 
and the ages and the rate of intereſt the ſame, the 
preſent value of the ſame reverſionary annuity is 
- 32.4; and if the term is 15 years, the value is 

9. 

1 ſuppoſing the ſcheme of a ſociety for 
granting annuities to widows to be, that if a 
member lives 1, 7, or 15 years after admiſſion, 
his widow, of the ſame age with himſelf, ſhall be 
intitled to an annuity of L. 20, L. zo, or L. 40; 
we may find what ought to be the annual pay- 
ment of each member of a given age, and at a 
given rate of compound intereſt. 

By the above, the value of L. 10 per annum, to 
a life of 30 after another of 30, provided the joint 
lives do not fail in one year; is L. 32. 4, at 4 per 


cent. 
22 The | 
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The value of L. 20 per annum, in the ſame 


circumſtances, 1s, therefore, = 64.80 
The value of L. 10, after 7 years, is = 19.89 
And of L. FO, after 15 years, is = 9.70 


Their 2 = 94-39 


is the value of the expectation in a ſingle preſent 
payment ; which, being divided by 11.182, (the 
value of two joint lives at 30), gives L. 8.44, the 
annual payment during the joint lives. In like 
manner, were the ages 40 and 50, the annual 
payments would be L. 8.69 and L. 9. og. 


PROBLEM XIV. 


To find the value of an annuity, or the rever- 
ſion thereof, depending on ſurvivorſhip, and the 


expectation of life. 


76. iſt, A and B, whoſe reſpedtive ages are 25 
and 40 years, enjoy an annuity equally betwixt 


them; which, after the deceaſe of either of them, 


18 to belong to the ſurvivor for life; ſought, the 
value of the right of each in that annuity, reckons 
ing intereſt at 4 per cent, 


From the value of A's life = 15.318 
Subtract half the value of the joint lives 5.327 


Remains, the value of the right of A= ont 
In like manner B's right = 7.869 


2d, An annuity, after the deceaſe of A, aged 66, 
is to be divided equally between B and C, whoſe 
reſpective ages are 43 and 54 years, during their 
joint 
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joint lives, and then is to go entirely to the laſt 
ſurvivor for life; ſought, the value of B's expec- 
tation, reckoning intereſt at 4 per cent. 


From the value of the reverſion of the life B 
after the life A, found by Problem VIII. =6.433 
Subtract half the value of the reverſion of the 
Joint lives of B and C, after the life A, 
Problem IX. = : ; 1.582 


Remains, the value of B's expectation = 4.851 


3d, A, aged 40, expects to come to the poſſeſ- 
ſion of an eſtate, ſhould he ſurvive B, aged like- 
wiſe 40, and offers to give ſecurity for L. 40 per 
annum out of the eſtate at his death, provided he 
ſhould get into poſſeſſion: What ſum ought now 
to be advanced to him, in confideration of ſuch 
ſecurity, reckoning intereſt at 4 per cent.? - 


From the value of the perpetuity = 25.000 
Subtract the value of the longeſt of two 
lives, each 40 = 186.566 


Remains, the value of the reverſion of ditto= 8. 434 
which, multiplied by 40, gives L. 337.36, the 


value of the given eſtate, were it certainly to be 
enjoyed, after the extinction of the longeſt of two 
lives, both 40; but that A's life, in particular, 
ſhould fail laſt, rather than B's, is an even chance: 
The true value of the reverſion, therefore, is half 
the laſt value, or L. 168.68. . 


4th, B, aged 40, will, if he lives till the de- 
ceaſe of A, whole age is 30, become poſſeſſed of 


an eſtate of L. 40 a-year ; ſought, the worth = 
| . 
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his expectation in preſent money, reckoning inte. 
reſt at 4 per cent. Here aſſume two lives, whoſe 
common age is equal to that of the older of the 
two propoſed lives, A and B, and find the expec- 
tations of life in A and B, VIZ, 28 and 23. Then, 


From the value of the perpetuity = oi 25.000 
Subtract the' value of two joint lives, each 
40 = | 9.826 


— — — 


Remains, the reverſion of the two joint 
lives | 15. 174 


che half of which, viz. 7. 587 would be the value 
of B's expectation, were their lives ory 40: 
Therefore lay, 


As 28:23: : 7.587: 6.232, which, multiplied 
by 40, gives L. 249.28, the value of B's expecta- 
tion. 


If B's age be 3o, and chat of A 40 years; then, 


From the value of the perpetuity = 25.00 
Subtract the value of the joint lives B and A, 
viz. 10.428 + 6.232, found above, = 16.66 


Remains, the ER of B's 8 „ 


5th, C and his heirs are intitled to an eſtate of 
L. 200 per annum, upon the deceaſe of B, aged 
40, provided B ſurvives A, whoſe age is 30 years; 
ſought, the value of their expectation in preſent 
money, reckoning intereſt at 4 per cent. Aſſume 
two equal lives, whoſe common age 1s that of the 
older of the two propoſed lives, B and A; then, 


From 


A 2 WA. 
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From the value of the perpetuity = 25.000 
Subtract that of the longeſt of two equal 

lives, each 40 = 16.566 
Remains, the reverſion of ditto = 8.434 


the half of which, viz. 4.217, would be the years 
purchaſe required, if the ages of A and B were 
each 40 years : Therefore, 


j 28: 23 :: 4-217 : 3.464, the number of years 
purchaſe required, anſwering to L. 692.8. 


If B's age had been 30, and A's 40 years, in 
this caſe, 


From the value of the perpetuity = ' 25.000 
Subtract that of the longeſt of the two lives 

B and A, viz. 17.452 ＋ 3.464, found a- 

bove = | 20.916 


Remains, the value of C's expectation = 4.084 


Hence, in a widows ſcheme, when the reſpec- 
tive ages of huſband and wife are 30 and 25 years, 
and the proviſion for a family of children, where 
there is no widow, L. 200; we may find the pre- 
{ent value of ſaid proviſion, reckoning intereſt at 
4 per cent. 

By the above, the years purchaſe of the chil- 
dren's proviſion would be 3.128 ; but the intereſt 
of L. 200, for one year, at 4 per cent. is L. 8: 
Therefore 3. 128 x 8 =L. 25.024, is the expecta- 
tion of a family of children, without a widow. 
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TR.OB LEM: XV. 


Of Inſurance on Lives. 


77. Iſt, It A, aged 30 years, is willing to advance 
money in hand, or to pay a certain ſum yearly du- 
ring life, to ſecure L. 100 to his heirs ; or, in other 
words, to inſure his life upon L. 100, allowing 
intereſt at 4 per cent. In this caſe, N 14.684, 


and (Problem VII. cor. 1.) 5 =40X 100=L. 40, 


the ſum payable in hand ; which, divided by 
14.684, gives L. 2.73, the annual payments du- 


ring life, 


2d, A, aged 40 years, agrees to advance a cer- 
_ tain ſum in hand, or to make annual payments 
during the ſpace of 15 years, in caſe he lives ſo 
long, in order to ſecure L. 300 to him or his heirs; 
ſought, the preſent value of ſaid ſum, or annual 
payments during theſe 15 years, reckoning intereſt 
at 4 per cent. Here, (Problem VI.), N=8.817,'and 
1— N 
R 
which, divided by 8.817, gives L. 21.20, the an- 
nual payments during 15 years, in caſe A lives 
ſo long. F 


. 6224 x 300 . 186.7, the preſent value; 


3d, A, aged 40 years, wants to make proviſion 
for B, aged 3o, in caſe the latter ſhould happen 
to ſurvive : What ought the former to give in a 
ſingle payment, and alſo in annual payments du- 
ring their joint lives, to ſecure L. 500, payable at 


his death to the latter, reckoning intereſt at 4 per 


cent.? 


In 


7 
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In this caſe, the value of the joint lives of A 
and B 10.428, L. 500, at 4 per cent, is equal to 
an eſtate of L. 20 per annum, and (Problem XIV. 
4.) the value of B's expectation of ſurviving A is 
5.34; therefore, 8.34 x 20=L. 166.8, is the ſingle 
payment, and 166.8, divided by 19.428, gives 
L 16, the annual payments during the joint lives 
of A and B. | F 


4th, An eſtate of I. 20 per annum will be loſt 
to the heirs of a perſon now 40, ſhould his life 
fail in 12 years: What ought he to give for the 
allurance of it for that term, reckoning intereſt 
at 4 per cent. Or, What is the preſent value of 
the eſtate, to be entered upon at the failure of ſuch 
a life, ſhould that happen in 12 years? 


From the value of an annuity certain for 12 
years = 54 5:55 ans 
dubtract the value of the life ſubject to fail- 
ure in 12 years = 8.154 
Remains, the value of the eſtate for 12 } — 
years, upon the chance of the ces 1.231 
failing in that time. 


Again, 25, the perpetuity, X . 6246, the value 
of L. t, diſcounted for 12 years X 2 the chance 


of the life's failing in that time, gives 4. 246, the 
value of the eſtate after 12 years, upon the chance 
of the life's failing in that time; and theſe two 
values, added together, give 5.477, the value of 
inſurance, correſponding to L. 109.54, which, di- 
vided by 8.154, the value of the life, quots 
L. 13.4.3, the annual payments. 
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5th, There is an eſtate, which, if A, aged , 
years, happens to die before he attains to the age 
of 21, is, after his deceaſe, to go to B and his 
heirs for ever; ſought, the value of B's expects. 
tion, reckoning intereſt at 4 per cent. 

If the reverſion of the eſtate, after A's life had 
belonged to B and his heirs ; then, in this caſe, 


From the perpetuity = 25.000 
Subtract che value of a life 7 years old = 16.698 


— rn———_— 


There would remain B's expectation = 8.301 


But B's expectation is limited to 14 years of A's 
life ; therefore, 


From the perpetuity = 25.000 
Subtract the value of a life 21 years old = 15.781 


Remains, the reverſion of a life of that age 9.210 


and 9.219X .5775, the value of L. 1, diſcounted 
for 14 years — the chance of A's living 14 


years, gives 4.554; which, being ſubtracted from 
the former value, leaves 3.748, the value of B: Hun 
expectation. WP 

Again, had the reverſion of the eſtate been li 
mited to B, aged, for inſtance, 30 years; in this 
caſe, 3.748 X — the chance of B's living 14 years, 


; 53 ; 
gives 2.873, the value of B's expectation ; which, 


multiplied by 4, the intereſt of L. 100 for one 
year, produces L. 11.6, the preſent value of L. 100 
to be paid by B, in caſe the ſurvivorſhip ſhould 
take place. 


PRO- 


ON LIVES. 


PROBLEM XVI 


To find the Value of Succeſſive Lives. 


an annuity of L. 1, to continue x and m years, at 
given rate of compound intereſt ; 


— 8 

en N=" (47) —=I—rN, 
| which gives 
1 . 


1 1 
7 K* 


ence, — =I—7NX1-rM= | EGF — r M + 
MM. Now, 


iq @ : * . 
* / be the value of an annuity, which is to con- 
p; inue am years; then, TI =1—V=1—rNx 


—M; which gives, 
7 — NIN —7NM, the value 
fan annuity to continue during two ſucceſſive 
ves, whoſe ſingle values are N and M. 


oo Ex. 1/, A, aged 40 years, enjoys an annuity 
ad r his life; and, at his deceaſe, has the nomina- 
on of a ſucceſſor, aged 18 years, who is alſo to 
oy the annuity during his life; ſought, the 
R Os A a 2 ; pr eſent 


78. Lr N and M repreſent the values of 
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preſent value of the two ſucceſſive lives, reckon- h 
ing intereſt at 4 per cent. Here M 13. 196, and 
M= 16. 105. m 


Hence, N -M — NM 29. 301 —8. 5 = 20.810 
the value required. 


- 


In like manner, if there be three ſucceſſit 
lives, whoſe ſingle values are N, M, and F, then, 


3 1=rNX1— MX 1— 2 
nn - « — the value of tirw ſuc. 


ceſſive lives. 


Again, if the two ſucceſſive lives are of the 
ſume age, which is moſt likely, then n+m=21, 
and 

N 1— 77 I—7N, which gives 


— —2 
I— 1— N 


2 . . the value of two equal ſucceſſive lives, 


1—1— N 


and V= 


five lives. 


the value of three equal ſucetl 


8 nn nnn; Sa_ — — 


Ex. 2d. It is required, to find the value of four 
equal lives, following one another in ſucceſſor 
whoſe common age, at admiſſion, is 24 yea! 
reckoning intereſt at 4 per cent. Here N= 15.43 
and 


1— —. l 86 
N —4 


Univerſally, if N ſtands for the value of a 


annuity to. continue a certain number of yea! 
| da 


224.465, the value. 


If 
K 
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1— 1— 1 


then 


nuity to continue 7 times as _ If n is inde- 


will repreſent the value of an an- 


finite, then 1—rN =0, and v 72 the value of 
the perpetuity. 


PROBLEM XVII. 


Of a Copy-hold, and the renewing of Leaſes. 


79. 3 any number of equal lives 
of a given age, and that upon the failing of any 
one, or all of them, they ſhall be immediately re- 
placed, and I ſhall then receive a ſum of money 
S, agreed upon; {ought, the value of that expec- 
tation, and at what intervals of time I may ex- 


pect to receive the ſaid ſum. 


Let n denote the number of years during the 
intervals betwixt the payments of the ſum S; and 
let N repreſent the value of the life or lives du- 
ring theſe intervals; then, 


T 
r. 


Now ſeeing a ſum of money, S, is to be received, 
ad inſinitum, at the equal intervals of time denoted 


N= ith gives 2 2 


by n; its preſent value may be found from the 


8 8 5 
. Rn &c. = Raz 


(40.) the preſent value of all the payments. 


; 3 
following ſeries, viz. =+ 
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But in place of R-, ſubſtitute its value found 
above, viz. —— 


then Re—1 = — and conſequently 


1 = Th Xe d, the value required. 


Rn] 

Again, let — 7 9, then Ng 2, and 
12 1 8 the wor of time at which I may ex- 
pect «a ſum &. 


Ex. 1ſt. Let there be three perſons, each 20 
Jae of age, at the deceaſe of any one of which, 

ſhall receive L. 250, which life is to be imme- 
diately replaced, and whenever a life becomes va- 
cant, Il or my heirs are to] receive a like ſum; 
ſought, the value of that expectation, and at what 
equal intervals of time I may expect the ſaid ſum, 
allowing intereſt at 4 per cent. 


Here, N 9. 192 by Prob. III. and 
3 — 


=L. 409, the value required. 


1990631 __ 
0170333 © 


3 211.68 years of interval. 


Ex, 2d. A purchaſes a leaſe-hold eſtate, upon 
three equal lives, aged 15 years, for the ſum of 
L. 2000, on condition that his heirs fill up the 
leaſe continually, whenever all the lives become 
vacant, paying a fine of L. 1000; fought, the pre- 
ſent value of the whole purchaſe allowed for the 
eſtate, with the annualrent anſwering thereto, 
and at what equal intervals of time the heirs of 


A 
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A may expect to pay the ſaid fine, allowing in- 
tereſt at 4 per cent, 


Here N= 20. 25, by Prob. III. and 


N 2346 * 1000 L. 234.6 the value of 
the fines; wh 

To which add, 2000.0 

Their ſum is, 2234. öthe value of the 


the purchaſe, whoſe annualrent, at 4 per cent. 
is L. 89.384; and 

— 2212464 

— 00170333 

If only one life is concerned, which, at the de- 
miſe of the incumbent, is to be replaced with a 
ſucceſſor, as in the caſe of a benefice, or of a 
copy-hold ; in which, let M denote the value of 
the life, and s the fine, if there is any, to be paid 
on admiſſion; then, 
_—_ X 5 value of the copy-hold or right of pa- 
tronage, to which add the ſum «5, if the purchaſe 


is made during the vacancy ; then wo = the value 
r 


=42.3 years of interval, 


* 


of the patronage. 


Ex. zd, Let an intrant's age be 30 years, the 
fine on admiſſion L. 150; ſought, the value of 
the patronage at 4 per cent. Here N 14.684, 
and = 150. Hence, 

1— 7 N 

FT X5=.7025X 150 L. 105. 375, the value 
ſought. Or, if the purchaſe be made during the 
Vacancy, then, | 


| 7 * L. 255. 375, the value of the patronage. 
| PRO- 
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PROBLEM XVIII. 


Of the Expefation of Life. 


8. 1 HE expectation of life is that period of 
time, during which a perſon of a given age may 
_ juſtly expect to continue in being, and is always 
equal to the years purchaſe of an annuity of L. 1 
during life, _ the ſuppoſition that money 


bears no intereſt. 


Caſe 1ſt, It is required, to find the expectation 
of a fingle life of a given age, ſuppoſing the de- 
crements of life to be equal. | 

In eſtimating the expectation of life, we mult 
reckon from the preſent inſtant, and ſuppoſing a 
to be the complement of life, make — = l, the 


frm] , —2 


firſt term of the ſeries, —+ : &c. exprel- 


N 


fing the expectation of life; which being a ſeries 


decreaſing every inſtant, the laſt rerm thereof 


Viz. — go, and the number of terms, though in- 
? aA | 


definite, is expreſſedby a; therefore, — * — — — (8) 


che ſum of the ſeries is equal to the expectation of 
that ſingle life whoſe complement is 7. 


Ex. A perſon of 24 years of age, may expect 


. 8 
to live — 31 years longer. 
3 


2d, 


1117! ß pw oe 


" RS 


Co > 
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2d, It is required, to find the expectation of 
two joint lives, of given ages. . 

Let the complement of the elder life be 2, and 
that of the younger m; then the ſum of the 


ſeries X = Xx = X = (#)will 
be the expectation of the joint lives. Now, the 
terms of this ſeries are the products of the two 
arithmetical progreſſions, which expreſs the ex- 
pectations of the ſingle lives, carried on to a num- 
ber of terms equal to ; but the ſum of the 


firſt is —, and, ſince the greateſt term of the ſe- 


cond is = the leaſt ww and the number of 
terms , the ſum thereof will be 


1 —  =M_—_— ( 7, Equ. zd. ) 


hence, the ſum of # terms of the ſeries of products 
will be = 


7 An 

ee, | ab. > 2 

2 225 LX Xx which being 
ex which being 

reduced, becomes Lage, and, neglecting 

—, it will become _— =, the expectation required. 


Ex. Two perſons, whoſe reſpective ages are 30 
and 25 years, may expect to live together 28— 
8.568 8 19.43 years. | c 

f the two ages are equal, the expectation of 

3 f . 
their joint lives will be e e 

3d, It is required, to find the expectation of any 
number of equal joint lives, of a given age. 

Let there be, for inſtance, two equal lives; 

J B b then 
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then the firſt term of the ſeries, expreſſing the 
expectation of their joint continuance, will be 
l;; and the other terms will alſo be ſquares, 
1 7 

ſo that the whole will be a ſeries of ſquares (whoſe 
roots are in arithmetical progreſſion). beginning 
with 1, and ending in a cypher, and » the 
number of terms ; therefore, calling m the index 
of the power in the ſeveral terms, = will be 
the ſum of the ſeries, or expectation required: 
See the following note . Or let there be three e- 
qual lives: then. the firſt term of the ſeries expreſ- 
ſing the expectation of their joint continuance 


3 * 1 n 0 R 
will be X , =; and * their ex- 


pectation required; and univerſally calling any 


number of equal lives m, and their complement of 


life u, then 2. will expreſs the expectation of 
their joint continuance in being; ſee the follow-. 


ing note *. 
8 Ex. 


rb 


1 


* The 3 of InriniTIES. 


If there be any ſeries of quantities, all of the ſame power, whoſe 
roots are in arithmetical progreſſion, ©, 1, 2, 3, 4, &c. and let m 
denote the index of the power; M the _— of terms; L the laſt 

: L. 
term; and & the ſum of the ſeries; then, my gg S. Thus, 


„ f) N 
o®, 12, 22, 32, 42, 2 3 
W, . l e 
04, 14, 24, 34, 44, 1888 
V, Ji Vi hs 1 2 
%, n %/3 — |} 5 11 
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Ex. Fifty perſons, whoſe age at a medium is 30 
years, may expect to continue all in being 5 =1 
year 36 days. 


4th, It is required to find the expeCtation of 
three joint lives, whoſe ages are given, Let the 
complements of the eldeſt, ſecond, and youngeſt, 
be ſeverally denoted by n, m, and 7 ; then by fol- 
lowing a proceſs ſimilar to that obſerved in caſe 
2d, the expectation of their joint continuance 
would be found to be, 


n "4 1 n . | 
none nn if erred See the note 1n caſe gth. 


Ex. Three perſons, whoſe reſpeQtive ages are 


$0, 45, and 35 years, may expect to continue all 
in being, 18 — 9.59+1.86= 10.27 years. 


5th, It is required, to find the expectation of 
the longeſt of two lives, of given ages. Here, by 
reaſoning as in Prob. IV, and calling N and M the 
expectations of the fingle lives, and NM that of 
their joint continuance; then, 


N+M—NM will be the expectation of the long- 
eſt of theſe two lives. 


Ex. Sought, the expectation of the longeſt of 


— 
6—— — 


— — 


This may be proven by induction, whereby it is ſhewn, that the 
greater the number of terms is, the nearer will the expreſſion 


NL | 
—— approach to the ſum of the ſeries, and is only equal to it when 
m1 | - | 


the number of the terms is indefinite, 
B b 2 two 
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two lives, whoſe reſpective ages are 30 and 25 

years. Here, 

28 +30.5—19.43= 39, the expectation of the long- 
eſt liver. 


th, It is required, to find the expectation of the 


longeſt of three lives of given ages. Let N, M, 
and F repreſent the expectations of the three ſingle 
lives, and NMF that of their joint continuance ; 
then, by reaſoning as in Prob. V. NTC M+F— 
NM—NF—MF+NMF will be the expectation 
of the longeſt of theſe three lives. b 


7th, If the ages are equal, then the ſum of the 


N 
- (0) 5M . ? 
ſeries 1— 24+ 1— —| &c. will be the expectation 
of the longeſt liver: but this ſeries is equal to a 
number of units whoſe ſum is z, minus a ſeries 
of m powers, whoſe roots are in arithmetical pro- 


greſſion, beginning with 1, and ending in o; 
mn 


therefore u— 2 82 18 the ſum of the ſeries. 
Hence, 
21 2 


equal lives 


3 

= 43 

4 |=The expect. of the longeſt of whoſe com- 
* | plement of 
57 4 | life is u. 


Mg | 
=> m| 


þ Let there be 100 perſons, whoſe age, at a 


medium, is 30 years, ſome of them may expect 


0% 
e r 5. N Years, 


8th, 
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8th, It is required, to find the expectation of 


widowhood in married perſons, whoſe ages are 


given. 
From the expectation of the longeſt liver = N-þ+ M—NM 
Subtract that of their joint continuance = Fm 


Remains the expectation of widowhood = NA M—2NM 


Ex. In married perſons whoſe reſpective ages 
are 30 and 25 years, the expectation of widow- 
hood is 5 8. 5—38.86= 19.64. 

In married perſons of equal ages, the expecta- 


tion of n is equal to that of marriage, 
2 


ſeeing * —= = 5 which expreſles either of them. 


gth, If the expectation of life, for any number 
of years not exceeding # the complement thereof, 
be required; ; in this caſe — * hg number of 


years, 2 + . 
will expreſs this expeCtation ; der —5 dun of che 


2u— x 


firſt and laſt cerms = — 


terms ; hence, — X * (7. Equ. 3.) is the expecta- 
tion required. When x n, the expreſſion be- 


„ and x the number of 


comes — „and gives the expectation of the aſſign- 


ed life for its whole poſſible duration. 
Ex. The expectation of life for 15 years, in a 


perſon aged 30, is 2 2 15 12.99 years. 


Here it may be n that the above expreſ- 
ſion alſo diſcovers the number of perſons alive, to 
which one perſon added annually to a ſociety, or 


left annually in widowhood, at a given age, will 
increaſe 
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increaſe in x years. Thus, calling N =— the expec- 


tation of a widow's life; and ſappoling one to come 
upon a ſociety every year, the number of annuitants 
alive, deduced from hence, will, in x years, be 


_— c Xx. And calling the number of widows 


left annually, at the ſame age, then = x Ws: 


will be the number of annuitants alive at the end 
of x years. The maximum, therefore, is Wy, 


which will always happen when „u, the com- 
plement of the widow's life. 


Ex. Let there come yearly upon a fund, 19.3 
widows, whoſe expeCtation of life is 19. 64, (c caſe 
8th ;) it is required, to find the number to which 
they will increaſe in 15 years; and what will be 
their maximum. Here, 


= 5. * N= 19.64, and, 
x = — N 289. 5 234. 2, the number of 


widows at the pad of 15 years. And their maxi- 
mum is WN= 1 In like manner, the ſum of 


— — —— 
2 —x #3 X * 
9 44 — 2 — — Xx — — 


n* oo” n 


the ſeries - 


+= not il i the expectation of two e- 


qual joint lives, for the time x, but alſo gives the 
number of marriages in being together, that will, 
in x years, grow out of one yearly marriage be- 
' tween perſons of equal ages, whoſe complement of 
voy is u, which expreſſion, when x =n, becomes 


—, the expectation of two equal joint lives; or, 


calling M the number of yearly marriages, their 
maximum 
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maximum vill be at the end of n years. If the 


perſons are of unequal ages, let the complement of 
the oldeſt life be , and that of the youngeſt m, 
the expreſſion will be — += ; andthe num- 


2 um 
ber of marriages will come to a maximum when 
xz. 

Ex. Let there be a ſociety, wherein there are 
32 yearly marriages, between perſons whoſe re- 
ſpective ages are 33 and 25 years; it is required, to 
find the greateſt poſſible number of married per- 
ſons, as alſo the maximum of widows and widow- 
ers in ſuch a ſociety. Here, x=n=53, m=61 
and Mg 32; hence, 53—49.5+3-5=19; which, 
multiphed by 32, gives 608, the greateſt number 
of married perſons ; which number being equal 
to all the widows and widowers in life at one time, 
and the proportion of theſe to one another being 
as 5 to 3; hence, 8:5 :: 608: 380, the maximum 
of widows, and 228, the greateſt number of wi- 
dowers. 


The Exrrcrarien of Lirz diſcovered by FLuxions. 


, Let — repreſent the probability that a life, whoſe comple» 


ment is 7, will continue to the end of x time, Then — — will be 


n 

the fluxion of the ſum of the probabilities, whoſe fluent, (to find 
which, ſeeing the fluxion of x* is xxþxx=2x%, divide the whole by 
x, add unity to the exponent of the power of x in each term, and di- 


2 
vide by the exponent ſo increaſed), viz, x — —= — Xx, is the 


ſum itſelf for the time x ; this, when =, becomes = and gives 


the expeRation of the aligned life for its whole poſſible * 
24, Let 


ANNUITIES 


OF 


Supplement to Prob, XVIII. 


Let N. M, P, and T repreſent the reſpective ex- 
pectations of 4 lives, whole complements are , 
n, P, and ?; and c, the arithmetical mean com- 


plement 5 
3 who 
n— x X Mx be t 
24, Let —-———— be the probability that two unequal joint 15 
lives will continue to the end of x time; Se — — Xx x, will be the BY 
fluxion of the ſum of _ probabilities ; the & of this expreſſion, * 
2 2 
VIZ, x ——_— ——, when x =, 1 — 3 the expec- expe 
zum um 8 
tation of two unequal joint lives, whoſe complements are n and m. 6 
2 
34, Since — 1s the — that two equal joint lives will of t 
continue to hb end of x time, X x will be the fluxion of the the 
1 * 
ſum of — probabilities, whoſe "oi VIZ, k — + wr, when x=7 "A 
7 * 


becomes — the expeQation of two W- joint lives. Vaiverſally let 
will i 
— be the expectation of 


the number of equal lives be , then 


their joint continuance. | 6 
n— X X M—Xx N t—x : 2 : 

4th, Let — _ be the probability that three unequal mill 

| joint lives will continue to the end of x time; then this expreſſion, be 
* x 

multiplied by x, — | 3% 

- mtxx T tx* x | fury] 


* . . . 
umix — ntxx þ mx*x = x\ x 


ON - 
- 7X =D nx x 


= the fluxion of the ſum of the proba- 
bilities 3 ; the = of which 2 8 being reduced and x put = 7, 


| 2 25 — * —+= my _— = = the expectation of three joint 


lives whoſe reſpective Mer are, 7, m, and 1. 
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plement of all the lives wanting u, the comp 
3 of the oldeſt; the if, 


* 


— 


5th, Let —X === be the probability that two equal lives; 


whoſe complement is 2, will fail in the time x, then t—SX# will 
he the fluxion of the ſum of the probabilities that one of them at __ 
will ſurvive the time x; the fluent of this expreſſion, viz. x — = 


when x n, becomes — ==, the expectation of the longeſt li- 
er. Univerfally let the number of equal lives be u, then —— is the 


mi 
expectation of the longeſt liver. 
tx 2 _ 1 
6th, Let * X _ be the probability that there will be a furvivor 


| — 
ef two equal joint lives at the end of x time ; then EE X x is 
the fluxion of the ſum of the probabilities, whoſe fluent, vix. 
a when x = 7, becomes ———_— the expectation of ſur» 


. 
irorſnip between two equal lives, and is the ſame with that of theit 
joint continuance. 


7th, Let 1 _ X 5 be the probability that the oldeſt of two lives 
"ll ſurvive the other at the end of x time; then, ——. — X x will 
be the fluxion of the ſum of the probabilities, whoſe fluent 
x? 3 
— when x u, becomes - Hence the een of 
zum 6m 


IM 


urvivorſhip on the part of the oldeſt = 2. 
Add - 


of the youngeſt — =. 


UpeRation of widowity = 22 
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| VV, The expectation of the joint continuance of 2 


7 . N A n 
unequal \uves =———=N——N = Ne 
| 12 22 * 13 
| of 9 5 3 12 _ NMP, of 
* 33 b zu 1+ f 
* ol IST. — — 0 
| of 4 . dr = NM 
1 N f S n . 
| of m equal hves == n being the of 
| p : * I mean comple, Nof 
| of m unequal lives * Cr of all the lives 
| —— —— — Wo 
ExpeRation of widowity, as on p. 201. = 3 Or 
| i : - 2 W the 
| 
Alt; = _ —_= 
| 2 Gn 
| | | F 1 of 
| — of the longeſt liver = | | 2 — ant 
= 81h, Let there be three joint lives, whoſe reſpective complement ref 
are 7, m, and ?; the expectation of ſurvivorſhip on the part of 20- 
| „5 


the oldeſt 2 


1 


the ſecond _ 


the youngeſt = 


* 'To abridge the labour of calculating the expeRation either d 
the joint continuance, or of the longeſt liver of x unequal lives, hol 
mean complement is n; RR 


I 
In the fluent W_— = which expreſſes the ſum of the pro 
babilities that all the lives will fail in the time, x ; let x, the 
mean complement of all the lives, and ſubtracting that fluent fron 


2 - 27 r | 
mer we ſhall have I 3 — expectation of thel 


Joint continuance ; and n — expeRation of their joint continuance 


* 


hat of the longeſt liver. 


20 
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ad, The expectation of the longeſt liver 
7. Jof 2 unequal lives = N+M—NM = M+ - N 


Þ of 3 — _ — = —NMP. 
„e, 

10 of m equal lives === 8 ; 2 
le. Nof n unequal lives - Expectation hoſe mean 
es of their joint continuance mplement 


— of 4 lives out of = 18 7, 


gn 
or in the caſe of 4, 5, 6... m unequal lives, find 
* Witheir mean age, and conſider it as the age of ſo 


many equal lives. 


E.. Sought, the expectation of the joint continu- 
ace and of the longeſt liver of three lives, whoſe 
reſpective complements are 40, 50, and 60. Here, 


en 20—9.7/ T 1.77 12, Expect. of their joint contifl. 
„ — 12 238, of the longeſt liver. 


3d, If z, the time, be ſought, in which, a part of m 
equal lives, will fail, whoſe complement is 2; here, 
= =?, the time ſought, 

n+ 


* 


X1=þ; and making f=1, 


=p, the number which fail in one year; hence, 


In any number of lives, their expectation of life, 
and the number which die yearly, are reciprocal of, 
and diſcover one another. 


ce . 4th, Let there be any conſiderable number of 
les, in their natural order, extending from a 
C 2 given 


— —— — — — —— . eons = 


$11 

bit 
vl 
14 
4 
114 
$9.0 
. 
| 


CESS Toe ode om FS r _ 
FI, 


their mean expeation of life. 


the eſtabliſhed Church, take place from the ag: 
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given age, whoſe complement is , to the utmoſt i of 
period of human life ; then, me 
, _ their mean complement of life. 


The given age+—-= the mean age; and, _ ſt 


Thus in a table of equal decrements, where the 


Ae of life form a ſeries of ſquare, 
2 


n*Xn 
= = the mean complement, &c. 


Ex. iſt, In any 3 table of obterrstien 
ſuch as chat of Dr Halley, where go is the utmoſt 
extent of human life, 30 will be the mean age df 
all the perſons in the table, and its expectation, vis 
28, will be that of human life, or of infancy by 
the table. 

Moreover, 28x 2730 86, is with proprict 
put as the utmoſt extent of human life by Mr De 
Moivre, in his Hypotheſis of equal decrement; 
Which! 18 adapted to Halley' 8 table. 


Ex. T? The marriages of miniſters wives, il 


—_— w Ho um 0 . oo rr. 


of 18 to 45 years; hence, +18 =27, Uh 
mean age of marriage, which is alſo the mean 28 
of the youngeſt widows ; hence, =? +27 = 46; 
the mean age of widowity, whoſe expectation 0 
life, viz. 192, multiplied by 19.3, the numbe 


eft yearly, will produce 379.5 the maximum j 
annuitants, 


za, In ſuch a number of lives, the expectatic | 


loſt 
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of the longeſt liver is nearly equal to the comple- 
ment of life 1n the youngelt. 


4th, In ſuch a number of lives, which are con- 
ſtantly the ſame, being kept up by the addition 
of new lives as the old drop off, their expecta- 
tion of life 1s the fame with 1 of the youngeſt, 


5th, To find the period of doubling the number 
of inhabitants in any province. When the num- 
ber of births, with the addition of the annual 
ſettlers, does ſo far exceed the burials, that their 
difference bears a conſiderable proportion to the 
whole number of inhabitants, and is equal, ſup- 
poſe, to a 36th part thereof; the number of inha- 
bitants, if this part continues conſtantly the ſame, 
will be doubled in 36 years. But, as every ad- 
dition to the number of inhabitants, from the 
births and ſettlers, produces a proportionably 
greater number of births; if we ſuppoſe the exceſs 
to increaſe annually in proportion to the number 
of inhabitants, ſo as to preſerve the ratio of theſe 
to one another always the ſame; upon this ſuppo- 
ſition, the population of a province, till it doubles 
itſelf, will exactly reſemble the accumulation of 
money at compound intereſt: therefore, calling 


this ratio of the exceſs of the births m ſettlers 
above the burials, to the inhabitants, — "73 


in the population u, 
g 3 of a province, is din compound intereſt. 
* equivalent to , 

f hence, 
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| 2 by remark ad upon compound intereſt, 1 
2 
Lr S the period of doubling. and 
con 
| any 
I 30103 
. Let —=, then £22 = 225.3 years, the 
period of doubling. f 
If M, the amount of the population P, in the ¶ me 
time 7, be ſought, when the ratio of the exceſs of 
| 7 births above the burials to the inhabitants is 
=; in thiscaſe, Þ x =, the amount. ky 
tw 
1 101 E M XIX. B 
ie Probability of Survivorſhip. ba 


Caſe iſt, T. lives being given, to find the ch 
probability of one of them fixed upon ſurviving Wl ce 
the other, ; 

82. 2A 70 8 7 

Let AS, the — AR of life, b be divided in- d 
to an indefinite number of equal parts, AB, BC, 2 
CD, &c. repreſenting moments of time; then 0! 
will the probabilities of living from 4 to B, from x 


A to C, from 4 to D, &c. be repreſented by the Wl 


BS CS DS b 


Hon i „' 75? 75? &c. and the probability 


of life's failing in any interval of time AF is mea- 
ſured by the fraction — 2 Again, when the in- 
terval AF is once oat: the probability of life's 


continuing from F to G, is 


= and of its failing 


* , , BY | 
in that interval, is . Hence, 0 
The 


FS 


* 
of 
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The probability of life's continuing from 4 to F, 


nd then filling from F to G, is N = === 


Xn 5 
conſequence, the probabilities of life's failing in 
any two or more equal intervals of time betwixt 
A and S, are exactly the ſame, the eſtimation being 
made at 4 conſidered as the preſent time. 


Theſe things being Premiſed, let the comple- 


ments of the two 
8 1 
5 2 BT i 8 
lives be AS n, and BS=m; upon which take the 


two intervals AC, BD rx, as alſo the two mo- 
Nix 


ments Cc, Dad x; then = 1— — is the pro- 
bability of the firſt life's continuin g to the end of 


| the time x, or beyond it; and — is that of the ſe- 


cond's continuing from B to D, and then failing 


in the interval Dd; hence, n= x 2 —is 


the probability of theſe two events happening t to- 
gether at the end of the time x, or it is the fluxion 
of the ſum of the probabilities, whoſe fluent, viz. 


* 


— = 24 the fem iefllt for the time l 


be put=x, then the probability of the firſt life's 
ſurviving the ſecond will be —, which ſubtrac- 


ted from unity, leaves the probability that the ſe- 
cond life will ſurvive the firſt. 
Hence the probability of ſurvivorſhip on the part 


of the oldeſt life, whoſe complement 1 is n = — 


of f the youngeſt, _ is m = — 


Ex. 
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Ex. Let 2246 and m= 56; then, 


— 2 41 | the oldeſt. 
= Pf be chance of ſurvivor. on the part ofæ 


n e the youngeſt, 


| When the lives are equal, —— is chis probalglity on 


the part of either of them. 
A, aged 60, whilſt in health, bequeaths to B, aged 
de years, the ſum of L. 500, in caſe he (B) ſhall 
e the ſurvivor; ſought, the preſent value of B's ex- 
pectation, at 4 per cent. Here, 


n=26, m=56, and P=15.983, Hence, 
col 
Soo & -— = L. 307. 365 


multiplied by 1— 7, = 77 
mn B's expectation =L. 235. 75 

Caſe 2d, Let there be three lives, A, B, and (, 
whoſe reſpective complements are 2, m, and 7. ; it is 
required, to find the probability that any one of 
them fixed upon will ſurvive the other two. 


The fluent of the expreſſion, 1 
N 1 15 


being 25 viz. 


— en * f= we ſhall 


have —= =the probability that the oldeſt life 4 


will ſurvive B and C. Again, the probability, 
that the 1 life B will ſurvive the other two, 
is, * —7— 3; and theſe two, ſubtracted from unity, 
leave the probability of the youngeſt life C ſurvi- 
ving A and B. Hence the — of ſurvivor- 
ſhip on the part of 

A. 


9 — 


R 4; 009 


A, after Band C = — : 


C, — A and B = ee 2 


as <- - -- Gans 


Ex. Let n=40, m= =50, and 60. Then, 


17 = A's B and C. 
327 = B's 0 chance of ſurviving 4 A and C. 
«494 = C's A and B. 


When the lives are equal, + will be the probabi- 
lity that any one of them fixed upon will ſurvive 
the other two. 


Caſe zd, Let there be three lives, A, B, and C. 
It is required, to find the probability of farvivor- 
ſhip on the part of any two of them after the 
third, 


The fluent of the expreſſion 1 — = x L—__ * 


being taken, and x put = u, will give the proba- 
bility that the two oldeſt will furvive the young- 


eſt, = =— . Hence the probability of ſurvi- 


os BM Gmnt 
vorſhip on the part of | 
A and B after C = — 
2 6m 
A and C3 Ra RD 
271 Cat 


Ex. Let n=40, m 5o, and ?=60. Then, 


244 = A and B's) — 
+3ZIxX = A and C's & chance of ſurviving 4B. 
-444 = B and C's 


When the lives are equal, + wall be the probabi- 
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lity that any two of them fixed upon will ſurvive 
the third, 


Caſe 4th, It is required, to find the order of 
ſurvivorſhip betwixt the three lives, A, B, and C, 
whoſe reſpeQive complements are u, m, and t; or 
the probability that A ſhall ſurvive B, and B ſur- 
vive C, &c. 


if, A, B, C. = Ln 
KO = 
» BAG= 5 — 5 
ath, B, C, A, = 2 — 2 — 
5th, C, A, B, = — — = 

23 


6th, C, BA = 1—_———+ — 


Here it 1s manifeſt, that theſe fix orders, taken 
two and two, ſuch as the 1ſt and 2d, or the 1ſt and 
3d, are reſpectively equal to the firſt equations in 
the two foregoing caſes, &c. 


Ex. Let 1=40, m=50, and f=60, Then, 


Order 1/}, = .08 Order 4th, = 177 
2d, = . os gth, = 227 
3d, = 155 Geb, = . 27 


When the lives are equal, 4 will expreſs the pro- 
bability of ſurvivorſhip betwixt any order of the 
three fixed upon. 

A, aged 70 years, whilſt in health, makes a 
will, whereby he bequicaths L. 300 to B, aged 45, 
and L. 500 ta C, aged 36 years, with this condi- 
tion, that if either of em die before him, the 
whole is to go to the ſurvivor of the two: Sought, 
the values of the expectations of B and C, eſtima- 


ted 


8 ex 


ON LIVES. 2tt 
ted from the time that the will was writ, and rec- 
koning intereſt at 5 per cent. Here, 
1=16, m=41, t=50, and P, correſponding to 
n, Io. 8 38. 

Was it certain that A would die before either 
of them, 


B's expectation would be zo CI. 203.21 


C's | 500 X —=L. 338.69 
Which expeQation of C, d- 
plied by the probability that FIR 
he and B ſhall ſurvive A, = 6865 


produces C's expectation, ariſing 
from the proſpect of A's pe =L. 216.916 
before either of them, 

But C hath a further expectation, 

arifing from the proſpect that he 

ſhall ſurvive A, and that A ſhall 

ſurvive B, in which caſe he ſhall 


obtain 203.21 
Which expectation, multiplied by 
the 5th order, = 1535 


3 his chance of B's legacy, = 31.193 
To which add 216.916 


Their ſum is the whole of C's exp. L. 248.11 
In like manner, B's expectation, ariſing from the 
proſpect that they will both ſur- 


vive A, = L. 139. 504 
To which add his chance of C's le- 
gacy, * 2 101 


— 


Their ſum is the whole of B's ex- 
— h ” L. 1 0 | 
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N PROBLEM RR, 
| of Half-yearly and Quarterly Payments of an Annuity, 


83. it, IN caſe of an annuity 4a, paid every 
balf-year, during n years, at a given rate, let P be 
the value of the annuity a for x years, V, the va- 
lue of the half-yearly annuity for the ſame num- 
ber of years, and 4=R* — 1, the intereſt of L.! 
for half a year, (Table in 46th); then 


1 
2 a 
DE ＋ 


(4% T, (49-) divide both by 


=” IT Ts. 12 1 
1 hence P: : 51 775 which gives — =, 


IF quarterly, = R — 1, and —=V. 1 


Ex. Let there be an annuity of 1 zo per annum, 
paid every half- year, by equal portions, for the 
ſpace of 20 years; ſought, the value thereof, at 4 per 
cent. Here za g= 15, P=L.407.7, and 4=.01984- 
Hence —=L. 410.96 =, the value ſought, 


Or thus: The annuitant, in caſe of half-yearly 
payments, has the advantage above the annual 
payments of the intereſt of 34 for half a year, that 
1s, of 4a yearly, during the continuance of the 
annuity ; which intereſt, at 4 or 5 per cent. is e- 
qual to 2 or x part of the annuity; therefore 
to the value of the annuity paid yearly, add its 


goth or 79th part, the ſums will be the values of 
the half-years payments. 


2d, 
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2d, 11 an n annuity 18 paid for life, in this caſe, 
half. yearly payments are + of a year's purchaſe 
better than yearly ones. 

The annuitant, by the laſt, hath the advantage 
of the intereſt of + of the annuity during life, be- 
fides an equal chance of receiving one half-year's 
value more than if he had been paid yearly ; 
which chance 1s therefore, at his death, worth + 
part of the yearly annuity. Now theſe two ad. 
vantages, it 18 manifeſt, will always amount to + 
of a year's purchaſe in preſent value. 

Again, half-yearly payments, which begin im- 
mediately, are half a year's purchaſe better than 
thoſe that begin at the end of half : a year; that is, 
by the above, they are + of a year's purchaſe bet- 
ter than yearly payments which begin at the end 
of the year. But yearly payments which begin 
immediately are a whole year's purchaſe better 
than the ſame payments to begin at'the end of the 

ear : therefore the difference of value between 
yearly and half-yearly payments, ſuppoſing both 
to begin immediately, is + of a year's purchaſe in 


favour of the former. 


zd, To find how many years poſſeſſion will re- 
imburſe an annuitant for the price paid for his 
annuity. 

Calling » che number of years required, a pur- 
chaſer will be reimburſed for his money, when the 
years-purchaſe of his annuity for 2 years certain 


18 W to the value of his life; that is, when 
* 


— L L. = 1— N 
| 1=Z=N; hence R — and n t 
which i is always leſs than the expectation of life 
conſidered 


__r—_— 
4 & 4- 144 1 


b f 
- 


years. 
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conſidered as ſo many years certain. ade 


tion of Table II.) 


Ex. A perfon, aged 30 years, purchaſes an an- 
nuity for life: Sought, how long he muſt live be- 
fore he can be reimburſed for the purchaſe - mo- 
ney, at 4 per cent. 


Wer 5 
Here N = 14.684, and 6 _ = 775 © 23:23 


When an annuity is bought at a number of 
"_ purchaſe, = 155 in this caſe, 


1 
— and 
1 == the time in which money doubles itſelf 
at a * rate. 


When the number of years purchaſe =— A be- 


comes indefinite, and the poſſeſſion muſt be a per- 


petuity. 


PROBLEM XXI. 
Of the Britiſh State Lottery. 


84. The State-Lottery is a ſpecies of gambling 
permitted by the legiſlature, for the purpoſe of ſe- 
curing a certain yearly revenue to government. 

The Lottery anno 1791 contains 50,000 tickets; 
and the number and value of the prizes, begun 
drawing February 20. 1792, are repreſented in the 
following ſcheme. 


" ow — CS 
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SCHEME of Britiſh State Lottery 1791. 


Number. Prizes. Sum. 
2 of 30,000 = 60,000 
2 of 20,000 = 40,000 
3 of 10,000 = 30, ooo 
5 of 5,000 = 25,000 
10 of 2,000 = 20, ooo 
15 of 1, % %%/ M‚M̃ 15,000: 
qo of 500. = © Teo; 
Fo of wo; = ©. oue 
100 of F0 = $600 
14, 1 50 of 20 = 283,000 
1ſt & laſt 2 of 1,000 = 2,000 
o of Sum of 
14,309= ot 5 oo oo de Prizes. 


In this Scheme let 
a = 14, 369 repreſent the number of Prizes. 
„„ Blanks. 
a+b= Fo, ooo 
s =L. 500,000 


Tickets. 
the ſum of the Prizes. 


From theſe data the following particulars are 
inferred. 


iſt, To find the value of each Ticket, &c. 
| L. Io =v, the value of each Ticket. 


— L. 34-79 =P, Prize. 
put p = L. 16.8, the market-price of each Ticket, 


then p—vx a+b = L. 340,000, = equal Profit of 


government, including the expence of manage- 
ment, &c. | 


2d, To 


us THE BRITISH © 
2d, To find the chance or probability of draw- 

ing a-Prize or a Blank. Here, 

| Seeing a+b : a::1: yaa 7 the following 

ratios. 


1 (2 5 
— 48 — the probability a Prize. 
13 ; Fs 4 of 1 Ticket 
2d, _— 211 4 + | drawing a Blank, 


3d, TE =1: 238" that is, to each 
Prize there aFe”2, 48 — Blanks, 

"Theſe ratios may be called the indices of the 
Lottery, which, being pointed to, or multiplied 
by any number of tickets, ſhow the probable 
number of prizes or blanks in theſe tickets. 
* ——X 348 =1 : 1, and ſhows that 3.48 

3-48 
tickets have an equal chance of drawing 1 prize 
and 2.48 blanks; but the market-price of the 
tickets being L. 58.36, there is therefore a loſs of 
58.36 —V=L. 23.57. 


Again, 25 1.4 2 1:1, and ſhews that 1.4 
tickets have an equal chance of drawing 1 blank, 


and . 4 of a prize: there is therefore a loſs of 
252 —13. 92 =L. 9.6. 


3d, To find how many Blanks or Prizes chere 


are in u Tickets. 
— «i N 
In x tickets = eee and 2 blanks. 


na . 
there are - blanks, and à — IT prizes. 
4 hs of | 


Ex. Let 920, there will be ——=$.75 prizes 
} -aand 


ws 


d 
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and 20— 5.75 2 14.25 blanks. At the ſame time, 
the greater the number of tickets, the greater is 


the probability of obtaining the proportional 
number of prizes: Thus, 3.48 tickets have only 


an equal chance of drawing 1 prize; whereas 
a+b tickets are certain of drawing à prizes: 


therefore the chance of drawing a proportional 


number of prizes varies from probability to cer- 
tainty in proportion to the number of tickets. 


4th, To find the probability which tickets 
have of drawing a certain number of prizes, not 


exceeding , let p the prizes expected in z tick- 
ets; then 7 * i the probability required. 


1 3 
Ex. Let n=5, and p=3; then - == 


O 
1: 2 = the probability of 5 tickets drawing 3 


prizes. 


5th, To find the probability which 2 tickets 
have of drawing any one particular prize in the 
ſcheme, | 


That 1 ticket will draw a prize 


[141 50 = 
of L. 20 — = — 
ſme pro- z 8. 
better than 21 20, 1 babi- Free. — — 
k | 15 lity = ab+b = 3 
of L. 1000 and upwards, | 23 2. 
That z tickets will draw a prize 
better than L. 20, 68s 0 


. the probability = - 
of L, 20,000, 5 * | 


E e 
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6th, To find the probability which any 2 
tickets fixed upon have of drawing 2 capital 
prizes, for inſtance, of L. 10,000 each. Here, 


| — = 855 = probability that 1 ticket fixed 


upon, will draw a prize of L. 10, 00. But in 
the preſent caſe of 2 tickets drawing equal prizes, 
as theſe events are independent of one another, 


Mn; r | 
therefore TI77T] X 16,6666 = I: 277,777,777. = 
the probability required. Hence the vaſt diſad- 
vantage attending ſhares of tickets drawing ca- 
pital prizes. Thus the probability that 2 half 
tickets wẽill draw the half of two L. 10, ooo pri- 
zes, is as 1: 277, &c. as above. 
7th, To find the number of prizes and blanks 
Aran daily, during the continuance of the lot- 
tery, being 38 lawful days. | 


Each'law- { Prizes = 378, with 5 interſperſed, 
ful daythe 4 Blanks = 937, —— 25 
Ns of Tickets 2 1315, — 30 
N? of L. 20 Prizes = 372, —— 14 


8th; Inſurance in the Lottery is not only ex- 
preſsly prohibited by acts of parliament, on ac- 
count of the bad effects it may have upon the 
morals and fortunes of adventurers ; but it is alſo, 
upon a fair calculation, ſo high, that it is not to 
be ſuppoſed any perſon will riſk incurring the le- 
gal penalty by ſuch a practice. Thus, 


1, Should an advetiturer inſure, upon his tic- 
ket, the ſum P, not exceeding the teaſt prize, up- 
on condition that the office ſhall make good 3 

| 0 um, 


F - n+ Wn — — A 
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ſum, in caſe of a blank, while he reſerves to him« 
ſelf the chance of drawing a prize; ſought, the 
premium of inſurance. 6-4 | 


It is evident, that here only the blanks need to 
be inſured ; therefore P x h will be the inſurance 


upon the whole, a+6 number of tickets, and __ 


= PX = =the infurance upon each ticket, 


Ex. Let PL. 16.8, then L. 12 premium 
"* a 
of inſurance, | | 

Let P=L. 20, the leaſt prize, whilſt the hold- 
er retains the chance of a higher one, then, => 
=L. 14-285, the premium of inſurance. 

Hence any ſum P, not exceeding the leaſt 


prize, multiplied by the chance of drawing a 


blank, in any lottery, will give the premium of 


inſurance upon that ſum, 


24, Should an adventurer inſure upon his tick- 
et the ſum of L. 5o, whilſt he retains the chance 
of a higher prize; ſought, the premium of inſu- 
rance. Here 50b+the number of L. 20 prizes 
multiplied by zo the inſurance upon the whole 
number of tickets ; therefore, 


. 44-12, the premium ſought. 


ue 


. R E. 


1 IHE BRITISH 


REMARKS. 


., In ſuch a Lottery, the true value of each 


ticket, exclufive of the expence of management, 
is L. 10; and it 18 owing to the confidence which 
the credulity of the public hath in the powers of 
fortune, that the market-price riſes to 16 guineas 
or upwards. 


24, The "PEI of this Lottery is conſtrued 
with great art: There is a valuable bait of 
L. 100,000 in four prizes, hung out to catch the 
'attention of the public ; and the number of L. 20 
prizes being ſo great, there are not 2.5 blanks to 
I prize; whereas the chance of obtaining a 
L. 20 prize being ſcarce diſtinguiſhable from that 
of obtaining a prize at all, the number of the 
former ought in all juſtice to be diminiſhed, 
and the 2 prizes of L. 30,000 each rejected, ſo 
as to increaſe the number of the intermediate 
Prizes. 


Þ of Zo ok M XXII. 
Of a Tontine. 


85. 35. A Tontine is a kind of lottery on lives, where 
the capital, divided into a number of ſhares, is 
formed by the voluntary ſubſcriptions of thoſe 
who chuſe to riſk their money, in ſuch a ſcheme, 
upon the continuance of their lives. There are 


ſeveral particulars reſpecting a tontine which need 


to be determined.” 
Iſt, 


0 
\ 
1 
( 
1 
| 
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. 1ſt, In a tontine, where 100 perſons, for in- 
ſtance, whoſe mean age 1s 20 years, ſubſcribe 
each of them L. 100, forming a capital of L. 10,000, 
which is ſunk to the heirs of the ſubſcribers, it is 
required to find the number of ſurvivors at the 
end of 10, 20, 30, &c. years, and what premium 
will then be due to each ſurvivor, reckoning in- 
tereſt at 5 per cent. Here, 1 66, m oo, and 
=10; hence, (ſupplement to problem XVIII.) 
Ti: 5 1010 


—=77 5. 3, who fail in 10 years; but the 


intereſt of the capital being L. 500, — = Lc 
the intereſt due to each ſurvivor at the end of 


that period; hence, 5 

hving 84.7, per cent 5.90, at the end of 10 years. 
69.4,— —7.20, —— 20. 
54.1, 9.24, 30, &c. 


2d, In a tontine, where the ſhares are in pro- 
portion to the value of life, with a view to make 
a dividend of the capital when the ſurvivors can 
receive each of them L. 1000; in this caſe, if 
the ſhare of a ſubſcriber aged 10 or 12 years be 
L. 100, that of a child one year old will be L. 79, 
reckoning the value of life at 4 per cent; thus 
10.88 : 13.30: :100: 79. In like manner, 
from 1 to 5 the ſhares are from 79 to 95 


—— 5 to 10 95 to 100 
— 10 0 18 — Io to 95 
—— 18 t0 27 — - 05 to 90 
27 to 39 ä go to 
In Mich a tontine, let there be 100 ſubſcribers ._ 


whoſe mean age is 20 years, and the ſhares at 
a medium L. 9o each, forming a capital of 
L. 9,000 ; it is required, to find the time in which 

; | they 


222 or A TONTINE. 
they will be ſo far reduced, that each ſurvivor 


can receive L. 1000. Here, m=100, n=66, and 
p gt. Hence, | TY" 


zd, In a tontine to continue a limited time, it 
is required, to find the capital of each ſurvivor 


having a ſingle ſhare, at the expiration of that 


period. 


Ex. In the equitable and univerſal tontine, 
Briſtol, commencing on the 16th day of Janua 
1792, and' continuing 7 years, wherein a: 
ſhare is 6 s. 6d. per quarter, with ; d. per quarter 
for agency, it is required to find, 

1ſt, Out of 100 ſubſcribers, whoſe mean age is 
25 years, the number of lives failing in 7 years, 
Here m=100, »=61, andt=7; hence, 


— V— ——— 


iX , . 
t =11.6, the number required. 


A 01 

2d, The amount of each ſhare at the end of 7 
years, reckoning intereſt. at 4 per cent. Here, 
4=.325, R — 1g. 3159, and r=.00985 ; hence, 
K. 10.425, the amount of each ſhare. 

But it is evident, that, as the lives fail from year 
to year, the 11.6 dying out of each 100 ſubſcri- 
bers will only have contributed the half of their 
quota, viz. 11.6X 5. 2125 L. 60.465, to be divi- 
ded among 88.4 ſurvivors ; hence, 


22455 . 684, to which add L. 10.425, their ſum, 
$04 


viz. L. 11.11, is the capital of each ſurvivor, ha- 
ving a ſingle ſhare, at the end of 75 years. 


Theſe quarterly payments, viz. 68. 11d, laid 
; out 


m4 


as 1 wc foods ok #o oo 


a * 8 * | — —z . 


3 


$ 
57 
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out at 4 per cent. ſimple intereſt, where there is 


no riſk, would, at the.end of 7+ years, amount 
to L. 1 1. 42. | tw 


SUPPLEMENT To Chr. VIII. 


Of Inſurance from Fire. 


86. In the city of Edinburgh and its environs 


there are about $0,000 inhabitants; and of con- 
ſequence, by allowing 5 perſons to each family, 
there will be 10, ooo families in that city and its 
neighbourhood: Now ſuppoſing that L. 100 was 
inſured upon each of theſe at 2 8. 6d. per annum, 
this, for each 1000 families, would produce an 
annual revenue to the inſurance- office of L. 125. 

Again, admit chat 1 family out of 1000, or 10 
out of the whole city, were expoſed to the accident 
of ſuffering loſs by fire yearly, which is a high 
proportion, and, we truſt, ſeldom verified by ex- 
perience 3 this would occaſion an annual loſs to 
the office of L. 100 upon each 1000 families; of 
conſequence there would be a ſaving of L. 25 
yearly, beſides intereſt, to defray the expence of 
management, upon each 1000 polices at 2 8. 6d. 
a-piece, Were the riſks in large and ſmall pro- 
perties the ſame, being in proportion to their va- 
lues, their polices would be equal; but from the 
number of hands, fires, and lights, &c. employed, 
and from the connection of the parts of a build- 
ing, the riſk attending L. 1000 capital is great- 
er than 10 times that attending L. 100 value. 
Therefore, to find this riſk when the policy is, 


for inſtance, 4s. L., 2 per cent.; here, as 


a, 
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— 


. Iz X looo 


2625, the riſk. is as 1 to 625. 


And when the policy is 4 8. L. . z per cent. upon 
625 capitals of L. 00 each; 


The annual revenue to the . * X 625 ¾. 625 


The annual loſs would be = Ew 
And the yearly es FAR = Luz 125 
In like manner, when -. 

The policy is 25, Sinh a . -f'1000 
ena, MET $332 

$6. 3.2 the riſk is as 1 to 4 625 

- \ $8. ; 85-35 | $500 
8 ;Y | 416 


The number of polices = _ 3375 


Policy. Capital. Ul. Revenue. Loſs. Gain 
28. 6d, L. 100, 125 100 L. 25 
38s. from L. 100 to L. 500, 312.5 250 61. 
4s. from L. 500 to L. 100 875 700 175 
5s. from L. 1000 to L. 2000, 1875 1500 2375 
6s. I. 2000 and upwards. 2500 2000 oo 
| 8687.5 1136.5 


Add the intereſt upon the mean revenue at 4 per cent. = 237. 


——— 


Hence 3375 polices produce of yearly gain = L. 1374 


of 


Of the Widows Scheme in the Church 7 Scotland. 


9 4 2 ; 


87. "Pr fund eſtabliſhed 4 by law, for a pro- 
viſion to the widows and children of the miniſters 
of the eſtabliſhed church, and of the profeſſors in 
the univerſities, of Scotland, is a noble monument 


of the knowledge, moderation, and perſeverance of 
the late Reverend Dr Alexander Webſter, one of 


the miniſters of Edinburgh, the principal. contri- 
ver and promoter of this ſcheme; at the ſame 
time it is a ſtriking evidence of the experience 
which the miniſters of che church then had, of 
the ſtraitened circumſtances of many widows and 
orphans of miniſters, who, from a competency, 
were reduced, at once, to a ſtate of indigence; 
ſeeing that, out of 962 miniſters and profeſſors, 
only 135 declined contributing to this. fund; a 
fund, by which, when it is complete, above 370 
widows will be ſupported, and a ſum not leſs 
than L. 1360 diſtributed at among the or- 


phans of contributors. | 
Ff, AY 2l/ag N 
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Previous to the eſtabliſhment of the ſcheme, ſe- 
veral attempts had been made, by the different 


ſynods in Scotland, to provide for the widows | 
and orphans of miniſters: ; all which proving in- 


effectual, from their Iniited nature, and for want 
of a common rule and proper authority to enforce 


it, Dr Webſter and others, about the year 1742, 


prepared the plan of a ſcheme, which ſhould com- 

rehend the whole miniſters of the church, and 
0 enforced by the authority of law. For this pur- 
poſe they had propoſed a ſet of queries to the dif- 
ferent preſbyteries; and from the liſts tranſmitted 
by them, anno 1742, in anſwer to theſe queries, 
founded upon an inquiry for 20 years back, the 
following facts were diſcovered : 


II, That the number of benefices in the church, 
—— of "tha e in th four ueirerfities, 
was * _ 115 


8 That, 3 one year with another, 27 


a died yearly. That 18 of them left wi- 
dows, whoſe mean age, was ſuppoſed to be 52 
years; $5 of them children without a widow ; and 
4 of them neither widows nor children: Hence 
the expectation. of a widow's life, by Dr Halley's 
table, viz. 16.66, multiplied by 18, produces 300, 
the greateſt number of miniſters. widon WS 5 
to be alive at one tine. GE 


3d, That. 3 families of children, > years 


of age, were left. annually by widows of mini- 
ſters who died or married. ag 


Theſe fats being ne the ſalarics of the 
general collector and clerk were eſtimated at 
Ls 200 


cny. 24 - St a af ent as . © as —.. wo nd >£@ A ne Eg ono 
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L. 200 yearly, which, together with a ſum not 
exceeding L. 39 allotted to defray the incidental 
expences of the truſtees, made the annual expence 
of management, in all L. 239; which afterwards, 
upon admiſſion of the profeſſors in the four uni- 
verſities to the privilege of the ſcheme, was in · 
ercaſed to L. a 50. And in order to depreſs the 
annual rates as much as poſſible, ſo as to leave 
room for taxes and deductions, a high rate of in- 
tereſt was aſſumed in the calculation of the rates, 
namely 4 per cent. Upon theſe principles and 
data, a ſcheme was prepared and laid before the 
General Aſſembly 1743, which approved thereof; 


and the parliament,. upon the humble application 


of the Aſſembly, were pleaſed. to eſtabliſh. the 
ſame by law, and enacted that the ſcheme ſhould 
commence" on the 25th day of March 1744: ma- 
king the firſt year thereof, which ended on the 
22d day of November thereafter, to conſiſt of 8 
months wanting 3 days. From the liſts tranſmit- 
ted by preſbyteries at Candlemas 1745, it appear- 


ed that the number of benefices and offices in 


church and univerſities, namely 1011; and con- 
ſequently the annual produce for the ſupport of 
the fund, was conſiderably leſs, and that the num- 
ber of widows to be provided for, viz. 364, was 
conſiderably greater than had been ſuppoſed in 
the calculation of the rates previous to the afore- 
laid act of parliament; and upon inſtituting a 
new calculation, founded upon Dr. Halley's Ta- 
ble of Obſervations, it further appeared, that by 
reaſon of theſe diſadvantages, the free ſtock would 
become ſtationary againſt the 1771, and that 
L. 10 00 would then be wanting to raiſe the ne- 
cellary capital of L. 80,000. - The truſtees, for 
preventing this and _ diſagreeable conſequen- 


2 Ces, 
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ces, did, purſuant to the order of the General 
5 Allembiy 1748, petition the parliament to order 
q : certain ſums, out of the firſt and readieſt of the 
| annual produce, to be applied from time to time 
towards raiſing the capital; and to authoriſe de- 
2 ductions, in certain caſes, from the annuities of 
widows and the proviſions of children. The par. | 
| Lament were pleaſed to enact accordingly. 
_— During the ſpace of 3o years, from the year 
| 1 1748, the affairs of the ſcheme continued, as 
| 


they ſtill continue, to proſper. The truſtees, how- 
ever, about the year 1773, with the advice'of Dr 
Webſter, propoſed a number of alterations and 
improvements reſpecting the ſcheme to the Gene- 
ral Aſſembly. In conſequence of which, after ta- 
king the ſenſe of the church upon theſe altera- 
tions, the Aſſembly 1778 did again petition par- 
liament to confirm the ſame by law; the parlia- 
ment were pleaſed to comply with cheir requeſt, 
by a new ſtatute, 19 Geo. III. cap. 20. 
The ſeveral particulars reſpecting the perſons 
who are liable in payment to, or receive benefit 
from the fund, together with the terms of pay- 
ment, the riſe of the capital, till it amounts to 
L. 100,000, and the duty of the truſtees, who are 
appointed to fi uperintend the whole, are all accu- 
rately expreſſed in the late act of parhament, 
| ke is in force from the 29th day of September 
| a copy of- which is ſuppoſed: to be in the 
po eden of every contributor. In the preſent 
te of the fund, in the year 1790, it is propoſed 
do e che 12 n articles: Ne 


777 ⁵— Q: ¾—ͥZqgn CCl On 
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Ar. 1. To find the cue deter the ſe- 
veral claſſes of annual rates and their correſpond- 
. ing annuities in the widows en 
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88. According to liſts tratiſmitted by preſby- 
teries previous | to the commencement; of the 
ſcheme, the benefices in the church appeared to 
be, as above, 970 ; miniſters were ſuppoſed to be 
admitted to their benefices at the mean age of 27 
years, which, by Dr Halley's table, makes their 
expectation of life 30 years. The widows of mi- 
niſters were ſuppoſed to live, at a medium, about 
20 years; and the expence of management was 
eſtimated at L. 239, which being divided by 970, 
quots .2464 l. for each contributor's annual ke. 
of expence. Now ſuppoſing an annuity of L. 5 
was granted to each widow, or 10 years purchaſe 
of her annuity to a miniſter's children where 
there is no widow, it is required to find the an- 
nual rate which each contributor ought to pay, 
reckoning intereſt at 45 per cent. Here, 


The preſent value of L. 1 an- 
nuity for 20 years, 1 3-00793" 


Multiplied by the nn , E 


| Produces; - 65.0396 5, Which 
being dividad by 61.0%, the amount of L. 1 


annuity for 30 years quots, 1.0661 
To which add the yearly expence of 
neg, 5 2464 | 
Their ſum is, iT; 1:3125= 


L. F'; 6. 3, the annual rate of each contributor, , 
including his expence of management, and ſup- 


poſing the annuity to be L. 5. Hence, by adhs. 


&c. the annual rate and annuity, when 


L. . d. . L. 
che rate is 2 2 % A and to yearspurchaſe=teo, | 

3 18 9. he ne | 1350, 

45 5 8 ; 205 200, 

6 11 3 2 25. 4 Ly. „ 250. 


andthe fourth, with 208. of ba expence 


| 

| 

| 

| 
4 
4 
| 
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1 From the conſtruction of theſe four claſſes of 
annual rates, it appears that, beſides bearing the 


| burden of its / correſponding - yy and N 


ce of management, 


the firſt claſs is taxed with . rs 
the ſecond d with 106. 


che third, with 158. 


nearly. 

Theſe four claſſes of annual rates are admirable 
for the ſimplicity of their conſtruction; and be- 
ing built upon the principles of the expectation 
of life and a high rate of intereſt, are as mode- 


rate as poſſible, and leave full room for taxes 


which are juſt, and deductions which are not op- 
ive, in order to their anſwering the purpoſes 


| intended by the act of a 


uf, The rates themſelves are taxed as os: 
and the higher the rate the greater is the tax. 


24, Contributors at their marriage, and married 
intrants at their admiſſion, are taxed with the 
payment of one year's rate of the claſs to which 
N are ſubjected. . oY 


3d, The 8 rates payable out of 2 


and vacant ſtipends may alſo be conſidered as a 
tax, ſeeing the decrement. of life in the incum- 


bent is then ſuſpended; beſides the advantage 


5 which the fund receives from ⁊ of the contribu- 


30 
tors who die yearly leaving neither a widow nor 
children, and from the expectation of a miniſter's 
life being 23 years greater than is ſuppoſed in the 


. of the rates, * a | 
4b, 


a ac oa . . oo ic tf vw=_i 4 rr ow = tm a erer 


«A. 1 A —— 


or n Wos SchE un 25 
45, There is a deduction of one years purchaſe 


out of the proviſion of a widow, ſeeing her annu- | 
ity begins to run from a — er "OT _ bon 


payment of er) huſband. * 


/ 


5th, There i is a deducdon of t two years + arch 2 
out of the proviſion of —— "II 1 ann 


leſs than that Set a ee 
th, There i is alſo a dodution t hs 2 


viſions of the widows and children of thoſe con- 
tributors whe have not paid annual rates to the 


amount of three” years of their widows 
without reckoning intereſt 'thereon, till the ba- 
lance is recovered ; beſides the advantage which 


the fund derives from widows,” not having chil- 


dren under. 16 years of age, who happen to marry 
not- contributors, and of conſequence are ſtruck 


off from the benefit of the fund: Whereas the 
only advantage which the ſcheme affords above 


the calculation, is the reverſion of 10 years annu- 
ity to the children under 16 years of age, of thoſe 


widows who happen to die before they have com- 
pleted the 11th year of their widowhood.—Theſe 


rates, taxes, and deductions, together with the 


proviſion in the act of parliament to ſecure the 


rife of the capital to L. 100,000, by the applica- 


tion of L. 200 3 for this purpoſe, will, we 


truſt, give a ſtability to the ſcheme, and make it 


anſover all the purpoſes for which it Was intend- - 


ed. 


In che conſtruction of cheſe rates, bein | 


the number of benefices and offices in the church 


and univerſities to be 1013, including the third 
charge in Perth and the ſecond in Linlichgow, 


and fixing the annual expence of 1 — a- 
| greeable 


- 
5 


—— ͤ— —— ́—-4—ᷣ—ꝓ CO 
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83 
2 greeable to the two — acts of parliament, at 
5 L. 25 Jo, we Thall have ==. 331. 12767 for each con- 
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tributor's ; ſhare of — which, for an annu- 


ity of L. 5, will alſo pradnece a rate, as above, of 
5 L. I: 6;:. 3, nearly exact. 


* 


Had theſe rates been calkulant, upon the ſtrict 
+:peiatciples of reverſionary annuities, the calcula- 
tion would have been more laborious, and the 
rates and marriage- taxes much higher than they 
are at preſent in the widows ſcheme, Thus: 

Suppoſe a contributor, aged 30, marries a wift 


"of 25 years of age, whoſe annuity, is, L. 20; 
ſought, che annual rate which he ought to pay, 


reckoning antereſt at 4 per cent. Here, 


- $85 - 46s | 
bei * 20 * 22464X 4 = RA 6.2 3s the annual rate 


a required. 


Again, If the "Es contributor, becomes a wi- 
dower, and, at the age of 40, marries a ſecond 
wife aged zo years, his marriage-tax would be 
IL. 8.68. See Prob. VIII. Of a Widows Scheme. 


Theſe annual rates are due to the fund, either 


: for a whole or an half year, at the fame terms 


that an incumbent hath a right to his ſtipend or 
ſalary for the ſame periods, and are payable to the 
collector at the firſt ter term of Candlemas thereaft- 
ter ; excepting in the caſe of the half years rates 


payable out of anns and vacant ſtipends, the for- 
mer of which is always half of the contributor” 


rate, and the latter is fixed at L. 3, 2 8. for each 
half- year of vacancy, theſe, though due at the 
ſame terms with the former, are not payable to 


the collector till the fixſt term of Candlemas which 
hall happen a full year after the anns and vacant 


N al be due and payable. The medium 


of 


— 


Of Benefices in the Church, 943 
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of annual payments by contributors being within 
a trifle of the third claſs of L. 5, 58. this third 
claſs is eſteemed, in all calculations reſpecting the 
\ ſcheme, as the medium of the annual rates of all 
the contributors, and L. 20 the medium of all the 
widows annuities, 


ART. 2. To find the number of benefices in the 
church, and offices in the univerſities, which are 
all ſubj⸗ ect to the payment of one or other of the 
R rates. 


89. By the liſts tranſmitted to the truſtees, by 
preſbyteries and univerſities, it appeared that, at 
Martinmas 1744, there were, 


Of Benefices in the Church, | 942 ; 
And of Offices in the Univerſities, 35 torr in all. 


Of the ſaid Benefices and Offices, = 39 1011 in all. 


From the beſt information which I have recei- 
ved, it appear that, at Martinmas 1789, there 
were, 


And of Offices in the Univerſities, 68 er 1 all, as above. 


It being left optional, by the firſt act of parlia- 
ment, to the miniſters of the church then living, 
to accede to, or decline the privilege of, the 
ſcheme; there were, at Martinmas 1744, 135 de- 
cliners, that is, perſons who declined accepting 
the benefit of the ſcheme, conſequently there re- 
mained only 827 original contributors ; and as 
not only their ſucceſſors, but the ſucceſſors alſo of 
the 135 not-contributors are obliged to become 
ſubject to the ſcheme, the greateſt number of con- 
tributors alive at one time will be * making 


G g in 
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in all, with the addition of 49 vacancies, 1011 


|  benefices in the church and univerſities liable to 


the payment of one or other of the annual rates. 
Hence, as the above number of benefices alſo in- 
eludes the anns, the greateſt ſum of annual rat 
paid in any one year, excluſive of marriage- taxc 
will be 1011 X 5. 25 L. 5307, 158. 

As ſeveral of the not- contributors, at the com- 
'Hencoment. of the ſcheme, were -below 30 years 
ef age, the number of contributors will not be 
complete till about the Goth year of the fund; and 
there being 7 of thoſe alive at Martinmas 1789, 
the number of contributors may be placed in this 
form in the ſucceeding years of the fund, at Mar- 
tinmas yearly. 


Fear. | Funds | Contribut- 
|; 1790, | 47 | 955 
1791 48 | 955 
1792 | 49 | 957 
| 7793 | 59 | 958 
rf 
1796 | 53 | 9bo 
| 1799 | 56 96 
IS 1003 12 962 | 


ee chere be ſeveral miniſters of the church, 
who alſo hold offices in the univerſities; yet this 
diminution of the number of contributors, ſuch 
not being liable to double rates, is. more than 
counterbalanced by the .number of thoſe who 
have reſigned their benefices or offices, and are 
fill ſubject to the fund. 

From the liſts tranſmitted by preſbyteries anno 
1742, it appeared, as mentioned above, that out 
& 897, the. * number of maniſters' in life at 


One 
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one time, 27 died yearly, &c. According to which 
proportion, out of 962 miniſters and profeſſors, 
28.956 would die yearly: of whom 19.3 would 
leave widows, 5.36 children without a widow, 
and 4.29 neither widows nor children. 52 

From the truſtees report for the 46th year of 
the fund, ending on the 22d day of November 
1789, it appears that there have died of miniſters 
and profeſſors, ſince the commencement of the 
ſcheme, ae 1345 


Which being divided by che ? Tc 29.485, 
number of years, 45-003 7 


the number who have died yearly. 


Hence the number alive at one 
time, 2 962 


Divided by the number) 20 cc duet 32.66, 
who die yearly, = 9.455 
the expectation of a miniſter's life. 


From the ſame report it appears, that 19. left 
widows, 5.8 children without a widow, and 4.4 
neither widows nor children, yearly. Burt ſeeing, 
by Dr Halley's table, out of 962 perſons of 27 
years of age and upwards, 31.79 would die year- 
ly; Dr Webſter, in his calchlations, ſuppoſes that 
30 miniſters anif pridelſies would die yearly ; out 
of whom 20 would leave widows, 6 of them chil- 
drew without a widow, and 4 of them neither 
widows nor children, He ſuppoſes further, that 
the mean age of widows, at the death of their 
huſbands, was 52, and that the expeQation of 
their life was 20 years. | 


ART. 3. To find the annual number of thoſe 
e | contri- 


— — 8 = > 
* 
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contributors who are liable to the payment of the 


| murtlage car. 


go. As 30 are ; fappoſed to die annually out of 
the whole miniſters and profeſſors, of whom 26 
leave widows or children; and in regard many 


wives predeceaſe their huſbands, and ſeveral of 


them leave no children ; we cannot ſuppoſe fewer 


than 28 to marry annually, who, in conſequence 
of their marriage, except to annuitants, are liable 


in a ſum equal to one year's rate of the claſs to 
which they helong ; the juſtneſs of which infe- 
rence depends upon the ſuppoſition, that all in- 


trants are bachelors, and that' there are no ſecond 


marriages. Therefore, independent of conjecture, 
it is found in fact, that there are about 26 incum- 
bents who marry yearly in the church and uni- 
verſities; and that there are about 6 married per- 


ſons admitted yearly, for the firſt time, to bene- 


fices and offices, making in all 32. Beſides, of 
thoſe who are admitted into the church and uni- 
verſities, there are 5 or 6 who are 40 years of age 
or upwards. Now, ſuppoſing that the half of 
theſe are either married, or afterwards do marry, 
and, in conſequence of their marriage, are, by the 
late act, liable in a ſum equal to 2+ years rates of 
the claſs to which they belong, this will increaſe 
the annual number of marriage-taxes to about 35. 

Hence the ſum of marriage-taxes paid annually 
by contributors will be 35 X 5. 25 L. 183, 15 5. 

Moreover, 32, the number of yearly marriages, 
being multiphed by 19.43, the expectation of 
marriage between two perſons of 30 and 25 years 
of age reſpectively, will produce 622, the greateſt 


number of married perſons in the church and u- 


niverſities at one time; which number being equal 
5 0 
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to that of all the widows and widowers in life at 
one time, and the proportion of theſe to one an- 
other being as 19.4 to 12.6, we ſhall have 
32: 19.4 :: 622: 377, the greateſt number of wi- - 
dows in life at one time. See the following Article. 

A marriage-tax is payable to the collector, at 
the firſt term of Candlemas which ſhall be one 
full year after marriage; or, in the caſe of a mar- 
ried intrant, after his admiſſion to a benefice or 
office. 


ART. 4th, To find the greateſt number of an- 
nuitants which can come upon the fund. This 
may be done, 1ſt, by the annual reports of preſpy- 
teries, which, among other articles, contain liſts 
of all the widows alive at Martinmas each year, 
the medium of which liſts for a few years, could 
we depend upon their accuracy, would ſhew the 
maximum of annuitants. Thus, during a ſpace of 
20 years from Martinmas, 1749 their mean num- 
ber was below 380; and the number of widows, 
annuitants, and others, alive at Martinmas 1789, 
was 376, including 4, which are added upon ac- 
count of the great number of families of children 
of the firſt order, being 8 more than uſual, which 
came upon the fund at Whitſunday 1781. 


2d, By their expeRation of life when they com- 
mence widows. Let the reſpective ages of huſ- 
band and wife be 30 and 25 Pre; - then, to the 


age of the wife, viz. 28 
add the expectation of marriage, by Dr Halley's 
table = 19.5 


their ſum, increaſed by .5 on account of ſecond 

marriages, gives 45, the mean age of widowhood; 

therefore 19.59, the expectation of a perſon's life 
aged: 
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aged 45, multiplied by 19.3, the number left 
yearly, will produce 377.5, the maximum of an- 
nuitants; whereas 16.66, the expectation of a 
perſon's life aged 52, multiplied by 20, the num- 
ber of widows ſuppoſed to be left yearly, produces 
only 334, which is the number Dr Webſter 
brings out, in the third table of his calculations. 
So ſenſible was the Doctor of the defect of this 
maximum, that, from the year 1781, he ſuperadds, 
to the number of annuitants by calculation, no 
fewer than 66, making in all 400 in life at one 
time. 


za, By the numbers already upon the fund. 

Thus at Whitſunday 1779, the number of annui- 
tants drawing full was 289.5, including heirs, be- 
ſides 9 drawing half annuities; at which term 
there were 181 benefices which had caſt no widows 
upon the fund, but which, in the ſpace of 11 
years, produced 34 additional ones, including 4. 
which are added for a reaſon mentioned above; 
at Whitſunday 1790, there were 123 benefices 
which had produced no widows to the fund. 
Hence, 

181: 34:: 123: 23, the number of additional wi- 
dows at Whitſunday 1801, making in all 342.5, 
including heirs, drawing full, and 10 drawing 
half annuities, when the number of contributors 
will be complete; at which period there will {till 
be 52 benefices unproductive of widows ; hence, 


962—52: 342.5::52: 19.5 the number of widows | 


ſtill to come upon the fund after Whitſunday 
1861. Hence the maximum of annuitants will 
be 362, including heirs, drawing full, and 10 
drawing half annuities ; that, is there will be 
e 23 57 drawing full and 10 drawing half 


annuities, 
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annuities, together with 10 not entered upon the 
fund; in all 377, excluſive of heirs. 

It is ſomething remarkable, that although, in 
aſſuming the expectation of a widow's life from 
52 years and upwards, there is a defect of 2.9 
years, yet Dr Webſter's calculation, Table III, a- 
grees nearly exact with the fact, till about the 
year 1781, To account for this'I obſerve, 

1ſt, That the Doctor, in ſuppoſing 20 widows to 
be left yearly, and that theſe are all alive at the 
following Martinmas, aſſumes .7+.3=1 more 
than the fact; which circumſtance would increaſe 
the number of annuitants by 16, when that 
number was complete.—2d, That, from the na- 
ture of the calculation, he ſuppoſes the number 
of contributors to be complete in the year 1781; 
whereas there were 15 decliners ſtill alive, and, 
by proportion, there were 107 original contribu- 
tors and others ſtill in life, who would produce 
37 widows, ſuppoſing the maximum to be 334. 

3d, That the Doctor's calculation comprehends 
all the widows alive whether married the ſecond 
time or not; which circumſtance may increaſe 
the number about 10 more than the fact, when they 
arrive at a maximum; now the ſum of theſe, viz. 
16+37—10=43, added to 334, will give 377, 
the true maximum of annuitants upon the fund; 
or, ſubtracted from the true maximum, will leave 
334, the number of widows by the Doctor's cal- 
culation, Ann. 1781, ſuppoſing there had been 962 
contributors from the beginning. The induction 
of theſe particulars is a further proof that the 
maximum found in this article is near the truth. 

The number of annuitants cannot be complete, 
not only till after the death of all the decliners, 
which may happen about the Goth year of the _ | 

: | ur 
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but alſo while any of their ſucceſſors in office are 
alive, which may be till about the 120th year of 
the ſcheme; during the laſt 60 years of which 
period, there are only about 20 additional widows 
do come upon the fund. Hence the number of 
annuitants, including heirs, drawing full annui- 
nes, at the term of Whitſunday yearly, beſides 


10 drawing half annuities, may be repreſe nted by 


the following table. 
DR | Years: Fund. Annu. || Years. Fund. Annu. 
47 | 319 || 1806 | 63 | 345 
$597 "22 764 | 46 
49 | 24 9|66| 47 
5o | 26 || 1811 | 68 | 48 
51 28137 49 
e 
RW, 17 74| 5 
54 34 19 76 52 
Se T2657 #8874178 1 54 
56 | 38 24 | 81 | 54 
27 | 84 | 55 
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A widow's annuity is computed to run from the 
26th day of May, or the 22d day of November, 
which ſhall be one full half year after the huſband's 
death; and the firſt year's or half year's annuity 

is payable on the 26th day of May, which thall 
be a full year, or a full half year, reſpectively, 
after the time from which the annuity is com- 
puted to run ; and it continues payable on the 
26th day of May yearly, during the widow's life, 
and her remaining unmarried ; excepting that, 
by the late act of parliament, annuitants, having 
no children under 16 years of age, and marrying 

| | contributors, 
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contributors, are entitled to one half of their; an- 
nuities, until the capital is completed; after which 
they ſhall enter upon their full annuities; and as 
ted is nothing due to her heirs for the half year 
in which an annuitant- dies, the heirs only of 
thoſe who die from Martinmas to Whitſunday 
are entitled to half years annuities at the follow- 
ing term of Whitſunday. 

As a widow is ſuppoſed to live at a medium 
20 years, did ſhe come upon the fund immedi- 
ately at her huſband's death, her annuity, rec- 
koning intereſt at 44 per cent. would be worth 
13 years purchaſe; but as ſhe hath no claim up- 
on the fund till three quarters of a year at a me- 
dium after the above term, and as ſhe loſes one 
quarter of a year at her own death, her annuity 
is only wofth 12 years nn, 


ART 5. ReſpeAling families of children of the 
firſt order. 

By theſe are underſtood thoſe families of chil- 
dren whoſe fathers at their reſpective deaths left 


no widows upon the fund, 


89. In calculations reſpecting the ſcheme, it is 
ſuppoſed that 6 ſuch families of children are left 
yearly, who, by act of parliament, are intifled to 
10 years purchaſe of their fathers widows annui- 
ty, that is in all, to the ſum of L. 1280. And 
the proviſion of each family 1s divided equally a- 
mong them where there are more children than 
one; which proviſion of children falling due in 
any one year, computed from the 22d day of No- 
vember to the. 22d day of November in the year 
following, is payable by the collector, on the 
13th day of Auguſt erer 

H h Ar. 
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Axr. 6. To find the mimber of families of 
children of the ſecond order which come yearly 
upon the fund, that is, children, who being under 
16 at the death or marriage of their reſpective 


mothers, are intitled to the reverſion of what they 
5 ve Not ren of 10 years annuity. 


| 
x 
| 


do. According to liſts tranſmitted by preſbyte- 
ries, anno 1742, it appeared, as mentioned above, 
that 3 ſuch families were left annually by widows 
of miniſters who died or married, having chil- 
dren under 16 years of age. Now although the 
ſame number die, yet it is probable that fewer 
marry ſince, than before the commencement of the WW ; 
ſcheme, on account of the loſs of their annuities; 
we will ſuppoſe that there are 2:5 families of chil. 
| dren left annually by widows who died, or marri- WM , 
ed, having a child or children under 16 years of age. 
But it is evident that no widow who ſurvives her 
huſband 17 years, can leave a family in theſe cir- 
cumſtances, and by the act of parliament, it is 
only the children under 16 years of age, of ſuch WW 1 
widows as have not drawn 10 years annuity, or 


SS 2 . . „ „ 


r: 
have not ſurvived the 11th year of their widos- 1 
hood, who are intitled to the reverſion ; there- * 


| fore, | { 
4% ri; 1.6 che 3 of families of 
children of the ſecond order, who are yearly in- 
titled to the reverſion of their reſpective mothers 
_ annuity ; which reverſion is worth from o to 10, 
that is 5 years purchaſe; Therefore, 1.6x 100= Ml 4 
L. 160, is the yearly ſum due to families of chi- 1 

dren of the ſecond order. | 
In this article I differ from Dr Webſter, who 7 
makes the number of families of children of the tk 
ſecond order to be i. 55 becauſe, from the nature BY 2 


= , | of 3 
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of the calculation, the Doctor's number does not 
comprehend thoſe widows who may happen to 
marry, having children under 16 years of age; 
whereas I include theſe, calling them . 5 yearly, 
ſeeing they are excluded from the number of wi- 


dows actually upon the fund. At the ſame time, 


I avoid the ſuppoſition, that any woman, aged 66 


years, can leave a child or children under 16 years 
of age. | 


AR r. 7. To find the yearly value of the deduc- 
tions from the proviſions of the widows and chil- 
dren of fuch contributors as happen to die before 
they have paid a ſum equal to three years annu- 
ity, correſponding to the annual rate to which 
they were ſubjected, without computing intereſt 
thereon. | | "2 


91. Such a deduction will take place, unleſs a 
contributor at his death hath paid a ſum, inclu- 
ding his marriage-tax, amounting to 114 years 
rates, or L. 60. Now as contributors, who are ad- 
mitted into the church or univerſities at the 
mean age of 27, cannot. be ſuppoſed to marry - 
ſooner, at a medium, than the third year of their 
incumbency, or in the zoth year of their age, 
we may conclude that the propoſed dæductions 
will take place only with reſpect to the families 
of thoſe contributors who thall happen to die in 
the third, and in any ſubſequent year before the 
I12th- of their incumbency, or in the 3oth, and 
in any ſubſequent. year before the 39th of their 
age. Now, by Dr Halley's-table, out of 16669, 
the number of perſons alive of 27 years of age 
and upwards, 76 die annually in the 3oth to the 
38th year of their age, both included; according 
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to which proportion, 4. 386 contributors will die 


annually in the 3oth to the 38th year of their age, 


both 5 out of 962 miniſters and profeſ- 
ſors. But _ parts fewer of contributors die 
yearly, than EY to the proportion of the 
above table, and — 757 Parts of thoſe who die, leave 


neither widows nor e ; which £ parts of 


4-386, ſubtracted from the fame, leave 3.5 og the 
number of contributors dying yearly in the goth 
to the 38th year of their age, leaving widows or 
children; each of whom have paid, jncluding 
their marriage-tax, from 3 to 11, that is 7 years 


rates, making in all 24.56=L.128.94; but they 


ought to have paid 3.509 x 60=L. 210.54; there- 


fore, ſubtracting one from the other, there re- 


main L. 81, 128. the yearly deductions. 
However inconſiderable theſe deductions · may 
appear, yet of ſuch conſequence were they in the 


. early periods of the fund, that an act of parlia- 


ment was obtained, anno 1748, authoriſing the 
ſame, in order to prevent a deficiency in the ca- 
pital of L. 10,000, which was calculated to hap- 
pen about the year 1771, which defect they have 
prevented. At the ſame time it is provided, that 
every widow ſhall have atleaſt one half of her an- 
nuity for ſabſiſtence until the deficiency be made 
good, and then enter on full payment. 


Ar. 8. Reſpecting the annual expences of ma- 


nagement. 


92. In the firſt draught of the ſcheme, which 
extended only to the miniſters of the church, 


theſe . were limited to L. 239. In the two 


\ acts 


17 
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acts of parliament eſtabliſhing the fund, where- 
in the profeſſors in the four univerſities were alſo 
comprehended, the annual expences were fixed 
at L. 250; namely L. 210 for the ſalaries of the 
general colleQor and clerk, and L. 4o for the an- 
nual expences of the truſtees. By the late act of 
parliament anno 1778, the ſalaries of the collec- 
tor and clerk are the ſame as formerly, but the 
incidental expences of the truſtees are augmented 
to L. 70, with a proviſo that they do not in any 
one year exceed that ſum. Which expences of the 
truſtees, in imitation of Dr Webſter, are not 


brought as a charge upon the fund, from the ſup- 
poſition that the intereſt received by the collec- | 


tor in any one year, doth ſo far at leaft overba- 
lance the intereſt of the capital for that year, 
computed at 4 per cent. 


ART, g. Reſpecting the capital of che fund. 


93. Had there been no capital, the rates being 


adjuſted to the annual demands upon the fund, 


it is evident that during the firſt 14 years of the 
ſcheme the annual rates would have been too low, 


and that afterwards, till the number of annuitants 


arrived at a maximum, they would have riſen gra- 
dually to L. 8.5 at a medium, which is out of all 
proportion to the value of an annuity of L. 20. By 
the act of parliament eſtabliſhing the fund, anno 
1744, when the maximum of annuitants was ſup- 
poſed not to exceed 321, the capital was limited to 
L. 63, 860, including the loans of L. 30 lent to con- 


. tributors; the intereſt of which, together with the 


annual rates afid taxes, was thought ſufficient to diſ— 
charge all demands upon the fund. By the act of 


| parliament, anno 748, when it was found that the 


number 


— — 
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number of annnitants would exceed 364, the ca- 
pital was extended to L. 80,000, including the 
loans of L. 30, granted to contributors at 4 
per cent. And by the late act, anno 1778, when 
it was ſuppoſed that the number of widows might 
riſe to 400, the capital is allowed to be raiſed to 
the ſum of L. 100,000, to be lent out upon he- 
ritable ſecurity, hitherto at 44 per cent.; and 
the loans of L. 30 to contributors are prohibi- 
ted, which of conſequence will all revert to the 
capital about the 95th year of the fund. And in 
order to ſecure the riſe of the capital to L. 100,000, 
the truſtees are directed to take care that the 


ſum of IL. 200, together with the ſavings and 


ſurpluſes of intereſt, annual rates, &c. that theſe, 
after all demands upon the fund are diſcharged, 
be applied annually for that purpoſe, by lending 
out the ſame, with the advice and conſent of the 
learned judges who preſide in our courts of law, 
until the capital is made up. When it is comple- 
ted, there will be an overplus, reckoning intereſt | 
at 4+ per cent. after paying all demands upon the 
Fund, of about L, 1400 yearly; of which L. 1 50 
muſt be reſerved as a proviſion for thoſe 18 wi- 
dows who are ſtill to come upon the fund: as for 
the remainder, the church muſt conſult and de- 
termine in what manner it ought to be diſpoſed 
of, when the capital 1 1s raiſed to L. 97,000, 


94. Ak r. 10. To trace the progreſs of che capital 


from L. 8775 1.5 22, in the 46th year of the fund, 


till it ariſe to L. 100,000, Here, 


Art. 


W 
The number of contributors, being 


955 to 962. 
of perſons liable to the mar- 


5 


6. 


1. The medium of annual rates, L. 5. 25; and of 


A 


— — 
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——ů— 


from 


of vacancies, 
of annuitants, including deines - 


ing full, beſides 10 drawing half 
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33. 


4 


9. 


annuities, being from 319 to 362. 
of families of children of the firſt 
order, being 6, 
of families of children of the ſe- 
cond order, being 1.6, L. 160. 
7. Deductions from the proviſions of widows and 
children, 


8. The ſalaries of the collector and clerk, L. 210. 


—— 


L. 1200. 


L. 81.6. 


annuities, L. 20; and the rate of intereſt up- 


on the capital 4 per cent. 


The progreſs of 


the capital may be repreſented by the fol- 
lowing table, 


111. 


1039 


10397 


1040 
1041 
1042 
1043 
1043 


| 1044 


1044 
1044 
1045 
1045 
1045 
15-45 
1046 


IV. 


— —— 


Rates. their prod. 


5454-75 
$454*75 
5460. 
5465-25 
5470.5 
5475*75 


5481. 
5481. ; 
5480 


5486.25 
5486.25 
5486.25 
$491-5 


5475-75 


5486.25 


VI. 


their exp. 


7968.4 
8028.4 
8068.4 
8108.4 
8148-4 
8188.4 
8228.4 
8268.4 
8308.4 
8348.4 


8388.4 


842 8.4 
8448.4 


8448.4 
8468.4 


VII. 
87.751.822 
88.747.932 
89,7 24-2 
90, 704 768 
91,689. 80g 
92,679. 
93,674.03 


94,668.34 


95,667.67 
96,666.97 
97,666.25 
98,670.75 
994675-43 
100,700. 
101,762.16 


102,855.75 


* 


In 
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In this Table, Column VII. thews the amount of 


the free ſtock at Whitſunday for each correſpond- 
ing year of the fund in Col, II. the intereſt of 


Ft which, computed at 4 per cent. together with the 


ſum of the rates and taxes of the following year, 
Col. IV. is added to ſaid ſtock, and their ſum, di- 
miniſhed by the charge upon the fund, Col. VI. 


is the free ſtock of the following year. Col. III. 


ſhews the number of rates and taxes due at Can- 
dlemas, for each year of the fund; and Col. V. the 
number of annuitants, including heirs, drawing 
full, beſides 10 drawing half annuities at the term 


"i Whitſunday 8 


Vi To ſtock at Whitſunday 1801, =L. ot 5.43 
Add intereſt to Whitſunday 1802, = 3987.02 
And 1045 rates and taxes, 5 :- . $480.45 


Total, „ einne 
Deduct annuities diminiſhed by de- 
ductions, Art. 7. = L.6878.4 
Childrens proviſions 
and falaries, = 0 | 


Stock at Whitſunday 1802, = BT 00700. 3 


Thus, about the 61ſt year of the fund, the capi- 


tal will be made up, the number of contributors 
will be complete, and there will be 18 widows 
ſtill to come ou the fund 1 in the courſe of 60 


years. 


Ax. 11. . Reſpecing alterations upon the 
ſcheme. | 


97. Iſt, It is required, to find what capital 
would 


+> dy 
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would be neceſſary to ſupport the fund upon its 


preſent fooring, when the annuitants are arrived 
at a maximum, reckoning intereſt at 4 per cent. 


From the widows annui- 


ties, | +. 7$40-- 
Childrens * and ſa- 
. laries, 35 3 1570 


Their ſum, = 8910 
Deduce rates, taxes, and 
deductions, = 5573.1 


Divide by 04 3330.9/8 3422 55 the 
Capital. 


2d, It is required, to find what diminution 
might be made upon the annual rates, ſuppoſing 
the annuities to remain the ſame as at preſent, 
when the capital is raiſed to L. 100,000, reckon- 
ing intereſt at 4 per cent. 


To 357 annuitants drawing 
=. ta: + = L. 7140 
Add 20, including heirs, | 


drawing half annuities, = 200 


Childrens proviſion, = 1360 
And ſalaries, | = 280 
Their ſum, 7 8980 
Deduce intereſt and deduc- 
tions, X34. 


1. 
Divide by rates and taxes, / 4.2, Annual 

= 1046 4398 4 Rate. | 
Here, 1046 X 5. 25 — 4398. 4 = L. 1093.1, is the 
annual * 


I 1 = 
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3d, It 18 required, to find what augmentation 
might be 'made upon the annuities, the annual 
rates remaining the ſame as at preſent, when the 
capital is raiſed to L. 100,000, and reckoning in- 
tereſt at 4+ per cent. | 


From intereſt, rates, and de- 
| ductions, = 10073.1 
Deduce rien, 8 280. o 


Divide by annuitants und. 22, 51, the 
children, = 435 9195: 05 Annuity. 


ART. 12. Containing a 1 415 view of the 
ſcheme. 


96. iſt, It is peculiar to his ſcheme, that the 
annual rate varies, not with the age of a contri- 
butor, but only in proportion to the annuity ; 
that every intrant who 1s married, or afterwards 
marries, is liable to a marriage-tax ; that its con- 
ſtruction is built upon the principles of the expec- 
tation of a miniſter's life, which, being above 34 
years, including the vacancy, with a high rate 
of intereſt, depreſſes the rates as much as poſſible; 
that the widow's annuity begins, to run, from a 
full twelvemonth after the laſt payment of the huſ- 
band ; that widows-who happen to marry are de- 
| prived of the whole, or of part of their annuities; 
and it is owing to this ſcheme that the diſtinction 
of families of children of the ſecond order was 
ever heard of. | 


2d, As to the diſadvantages attending this 
ſcheme, if there be any, they are ſuch as are in 
common with all laudable undertakings of this 
: | kind. 


«A LM oa. r — — "A. a 1 
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kind. Thus the leading principle of ſuch a 
ſcheme not being juſtice and equity, but charity, 
mercy, and compaſſion for the indigent; the 
more you pay, the leſs is received, and the leſs 
you pay, the greater is the value of the annuity. 
As all intrants are obliged to contribute for the 
ſupport of the fund, this circumſtance, though 
an advantage to the ſcheme, is often a hardſhip ' 
upon the individual, who is thus obliged to pro- 
vide for a widow, when poſſibly he may have no 
thoughts of taking a wife. As heirs in general 
diſtiact from widows and children have no inte- 


reſt in the fund, the contributions of 2 parts of 


thoſe who die yearly are loſt to them and their 
heirs for ever, if what is given for the ſupport of 
the widow and fatherleſs can be called a loſs. The 
depriving a widow of her annuity in conſequence 
of a ſecond marriage, may be conſidered as a dif- 
advantage attending the ſcheme, not from a prin- 
ciple of juſtice or charity, ſeeing every woman 
who marries is ſuppoſed to be ſupported by her 

huſband, but in a political view, as the increaſe 


of ſociety is thereby ſo far diſcouraged. And the 


capital of the fund, like all other ſums of money 
laid out at intereſt, is liable to a diminution in 
its value, from the poſſible fall of the intereſt of 
money. But I inſiſt, with much more pleaſure, 


| | : 
za, Upon the advantages attending the ſcheme; .. 
as hereby, in common with other inſtitutions of 
the ſame kind, ſo many widows and orphans re- 
ccive the means either of ſubſiſtence or of educa- 
tion, which muſt prove a benefit to contributors 


themſelves, who, in conſequence of the ſcheme, 


are enabled to marry with greater advantage than 
| 112 5 they 


| We 
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they could is done had it not taken place. The 
annual rates are exceeding low, on account of the 
advantages which the ſcheme itſelf enjoys; as, 1ſt, 
All entrants being ſubject to the ſcheme, they en- 
ter early, and of conſequence have a chance of 
continuing long contributors to the fund. 2d, 
Bachelors and widowers being liable to the pay- 
ment of the annual rates, the heirs of a ſeventh 
part of thoſe who die yearly derive no advantage 
from the fund. zd, Anns and vacant. ſtipends, 
where there is no waſte in the life of the incum- 


bent, are ſubjected to the payment of half years 


rates. 4th, There are a number of taxes and de- 
ductions, ſee Art. 1. which are not ſuppoſed in 
the calculation of the rates. 5th, Should a con- 


tributor fail in the payment of his rates, which 


are privileged debts, there is a viſible fund, name- 


ly, bis ſtipend or ſalary, out of which the ſcheme 


may be reimburſed for all loſſes occaſioned by 
him; and ſhould this fail, the collector hath 26 


chances out of 30, of recovering at 5 per cent. 
ſimple intereſt, all arrears due by a contributor, 


out of his widows or childrens proviſion, 6th, 
The rife of the capital to a certain amount, which 
is lent out upon heritable ſecurity, and its re- 
covery, {hould it ſuſtain any material loſs, are 
both ſecured by act of parliament. 7th, The 
number of contributors 1s fixed and determined, 


being limited to the number of benefices in the 


church and offices in the four univerſities; ſo that 
the truſtees are enabled to foreſee what l. 


are likely to be made upon the fund from year to 


year. Sth, The ſcheme itſelf hath undergone ſe- 
vera] alterations and improvements, and may ſtill 
undergo more by favour of the Britiſh legiſlature. 


th, The whole concerns of the ſcheme are under 


the 


is Fd Ka — 2 —_— N 
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the direction and management of truſtees, moſt 
reſpectable for their knowledge, experience, and 
perſeverance in the affairs of the fund; namely, 
the Reverend Miniſters. of the preſbytery, and 
learned Profeſſors in the univerſity of Edinburgh, 
together with the miniſters in the preſbytery ſeats, 
or who are admitted to offices in the univerſities, 
if they choſe to accept, and delegates from preſ- 
byteries and univerſities, who, did they all con- 
vene, would form a general court of directors, as 


reſpectable for their numbers and importance as 
the Venerable Aſſembly itſelf. 


Therefore, I cannot conclude without expreſs- 
ing my reſpec and gratitude to the Reverend and 
learned Truſtees, whoare appointed to manage and 
direct the operations of the fund, and thanking 
them for their fidelity and unwearied application 
in conducting the concerns of a ſcheme, whereby 


the widow's heart is made to ſing for joy. 


SU P- 


DISSERTATION 


25 8 | RESPECTING 

The Di1sPos4L of the SureLDs in the Fund of the Wipows 
+ SCHEME, when the Capital is rajſed to L. 100,000 ; addreſ- 
ſed to the Truſtees for managing ſaid Fund. 


Mr PRESES, 


99. TRE queſtion now under conſideration, 
reſpecting the diſpoſal of the ſurplus in the fund 
of the widows ſcheme, is of a ſimilar nature with, 
but of a different tendency from that determined 
by the church, anno 1748, and of conſequence 
ought to have a ſimilar though oppoſite determi- 
nation. In the year 1748, the Reverend Dr. A- 
lexander Webſter, the principal contriver and 
promoter of the widows ſcheme in the Church of 
Scotland, diſcovered by calculation, that there 
would be a deficiency in the capital of the fund, of 
L. 10,000 about the year 1771. What was then 
to be done to prevent this deficiency? Muſt the 
rates be raiſed? No; Muſt the annuities be dimi- 
: | EY | niſhed ? 
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niſhed ? No; Touch not, would he ſay, either of 
theſe pillars of the ſcheme, leſt by ſapping and 
undermining the foundation, you make the whole 
fabric tumble about your ears. What then? Why, 
the Doctor did the only thing which he ought to 
have done; he did an act of juſtice, by obliging 
every contributor to pay at leaſt three years pur- 
chaſe of the annuity correſponding to the rate to 
which he was ſubjected, before his widow or chil- 
dren could be entitled to their reſpective provi- 
ſions. 

In the preſent caſe, when the capital is raiſed 
to L. 100,000, the annual ſurplus may be about 
L. 1473, reckoning intereſt at 4+ per cent.“ What 
muſt be done to prevent the farther increaſe of 
the capital Shall we diminiſh the rates in general? 
or ſhall we increaſe the annuities ? Either, or both 
of theſe would be deſirable, did we not thereby 
perpetuate a very great hardſhip upon aged con- 
tributors, by continuing the payment of the rates 
till the cloſe of life; when we have it in our pow- 
er to redreſs ic— But, 

To find how this matter may be determined to 
the ſatisfaction both of contributors and annuitants, 
by giving each party a ſhare of the ſurplus, nearly 
in proportion to their numbers. There may be 
435 annuitants upon the fund, when they arrive 


„* 


* When the capital is complete, an, 1802, there may be 3 38 an- 
nuitants drawing full, and 20, including heirs, half annuities ; 


Hence to rates, taxes, and deductions, = L. 5573 


Add the intereſt of the capital at 45 per cent. = 4509 


| Their ſum = L. 10073 
To the ſum of annuities paid to widows, = I.. 6960) 
Add chil, prov. and expence of management = 1640 8600 


Their difference is the aunual ſurplus = L. 1473 
at 
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at a maximum, including both orders of children, 
which are equal in expence to 68 widows; and 
the number .of contributors alive at one time 
18 962. 

Now it is obvious that annuitants of all deſcrip- 
tions, whether old or young, are equally the ob- 
jects of charity, and of conſequence, ought to be 
benefited only by the plan of augmentation ; ſup- 

poſe by 5j per cent, or by 1 ſhilling ont the pound 
of their annuities ; this will exhauſt I 43 5 of the 
above ſurplus. Again, 
Wich reſpect to contributors, in the en 
they ſtand in to the ſcheme, by the payment of 
the rates, &c. take the following table. 


Toure of minr. Contributors. } Amount at 4 per cent. yrs pur. 
rom o to 12 36 fail who pa) L. 67.5 for an annuity worth 15.0 
12 to 28 74 140 . 13.5 

28 to 65 18. 3 524 10.0 

o to 33 15.0 / 32 6 134.0 
33 to 65 [18.0 605 | 10.0 


By this table, out of thoſe who are alive, during 
the firſt 12 years of their miniſtry, 3.6 fail yearly, 
Who, allowing 5s. for expence of management, 
have paid at a medium, including deductions, the 
ſum of L. 67. 5, for a L. 20 annuity worth 15 
years purchaſe. It would therefore be highly 
improper to grant a diminution of the rate during 
this ſtage, of life, not only on account of the ſmall 
value paid for the annuity, but alſo becauſe the 
more the rate was diminiſhed, the greater would 
be the deduction out of the widows proviſion. 
In like manner, in the caſe of thofe who are alive 
from the 12th to the end of the 28th year of their 
miniſtry *, when the full value of the annuity 1s 


To find the time in which a rate of L. 5 per annum, allowing 58. 

for expence of management, will exons i the augmented annuity of 
S 252 

L. 21, worth 12 years-purchaſe, at 4 per cent. — = —=50-4=N 

| 5 


correſponding to 28.13 years. 


diſcharged 
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diſcharged, it would alſo be unneceſſary to diminiſh 


the rate during this period, becauſe contributors 


have not paid the full value of the annuity. But 
in the caſe of thoſe who are alive from the 28th 
year of their miniſtry to the cloſe of life, it is 
manifeſt that, during this interval, there ought 
to be a total exemption from the payment of the 

rate, as far as the above ſurplus of 1473—435=- 
L. 1038 will admit; ſeeing theſe contributors 
have paid, at a medium, the ſum of L. 324 more 

than the value of the annuity. Therefore, 

I call upon you, Mr Preſes, I call upon the 
church in general, ſeeing you have it now 1n your 
power, to do an act of juſtice to our aged brethren, 
who have borne and ſtill will bear the burden in 
the heat of the day, by ſuſpending the payment 
of the rates after a certain age, or rather, by ex- 
empting aged contributors. after a certain num- 
ber of annual payments, including the marriage- 
tax, be that number what it will ; which number, 
could I depend upon the only table of obſervations 
which approaches near to the better ſort of lives 
in Scotland, might be 3o “%, including the mar- 
riage-tax ; upon the ſuppoſition that each contri- 
butor thus exempted was obliged to pay, in name 
of vaſlalage, 5 per cent. or 18. upon the pound, 


* ä 
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It is required, to find, if L. 938 of annual ſurplus will admit of 
a ſuſpenſion of the rates beyond 30 annual payments, including the 
marriage-tax. Suppoſing zo the mean age of admiſſion, there are a- 
live, by the Fife table ob obſervations, at the age of 30 years, 


358—2 2356, and at 60 years of age, 211-4. 5 22206. 5, whoſe ex- 
pectation of life is 12.98; and there are admitted into the church and 
univerſities 29.455 contributors yearly. Hence, 3 
356: 206.5 :: 29.455 : 17-08, and 12. 98K 17. 0822, alive at 60 
and upwards. Hence, 222 X 4-25 = L. 943-5, the ſum remitted to 


KE of 


theſe contributors, 
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of the annuity correſponding to the. rate to 
which he was ſubjected, and that L. 100 of ſur- 
plus was reſervyed, in order to co. operate with the 
ſavings upon the rates and annuities, till the ex- 
emptees and annuitants arrived at a maximum, 
in forming an additional fund of L. gooo, to diſ- 
charge the annuities of thoſe 18 widows who are 
as to be proyided for, as appears from the fol- 
Wing . | Ss 


T AB L E. 
| Age. e La, be, Total alin | 
| 30 | o | 29.455 X 32.66 = 962. 
12 25.85 N 24-29 = Gab. | 
58 | 28 | 18.45 X 14-00 = 258. | 
59 |. 29 | 17:79 X 13-59 = 240. | 
60 | 30 | 17.08 X 12.98 = 222. 
oO 7 1 g1 44 230034 " 14.53 '= 20. 
62 | 32 | 15.60' x 12.10 = 189. | 
1 63 P a 2M X 11.66 = * | 
4. i 7 . 


If ls PR be lowed to riſe to L. log, ooo, as 
ſuggeſted above, by the accumulation of L. 150 
per annum, without intereſt, during the ſpace 
of 60 years, when the annuitants will arrive at a 
maximum: in this caſe, the above ſur; wy 8 
L. 1038, appropriated to contributors, wit 

of 1 8. per pound of the annuity, will 9 = 
years of exemption to 28, when a. contributor 

hath paid the full value of the augmented an- 

nuity, and e, the fourth part of thoſe alive at 


; one 


ment of the rate. 


{ 
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one time in the church will be ge annu- 


ally. Moreover, | 
If the annual ſurplus ſhall happen to riſe con- 


ſiderably above L. 1000, both plans of angmen- 


tation and exemption may be uſed to advantage; 


but ſhould it not exceed or fall Below that ſum, 


the plan of exemption ought alone to be employ- 
ed. Now, that ſuch a plan ought. to be ad- 
opted, in preference to all others, will appear, 


iſt, From its being founded upon a principle 
of juſtice. In ſuch a Widows Scheme as this, we 
acknowledge that charity, mercy, or compaſſion 
for the indigent, are the leading principles: there- 
fore, as long as it is neceſſary for the exiſtence of 
the ſcheme, rates ought to be paid till the cloſe of 
life; but when this hardſhip, as in the preſent 


caſe, can be removed, and juſtice mixed with 
mercy, it ought to be done. With what confi- 


dence can we preſume to diminiſh the rates in ge- 


+ neral, or augment the annuities, whilſt we leave 


this burden upon aged-contributors unremoved ? 
A grievance which, remaining unredreſſed, muſt” 


| blaſt the reputation of every other plan, at leaſt 


in the opinion of every diſcerning perſon. Beſides, | 


every one who is exempted after 30 annual pay- 


ments of the rate, will have contributed a ſum, 


- viz. L. 295, whoſe intereſt, at 4 per cent. is with- 


in a trifle of L. 12 per annum; whilſt the other 


_ contributors, from 30 years and under, will have 


only paid, each of them, at a medium, a ſum, 


viz. L. 124, whoſe intereſt, together with the an- 


nual rate, does not exceed L. 10.2 per annum: 


fo that the former benefit the ſcheme as much af- 


ter an exemption, as the latter do with the pay- 


K k 2 | 2d, br 


4 * 
| | 


560 or THE WIDOWs SCHEME 


ad, From its poſſeſling the beneficent proper- | 
ties of all other plans. It prevents the accumula- 
tion of the capital beyond a limited ſum; it aug- 


ments the annuities with L. 435, and diminiſhes 


the rates to the extent of L. 1038 per annum, 


and that too moſt effectually where there is moſt 


occaſion for a diminution; and as a penny ſaved 


is ſo much gained, it may be ſaid to augment the 


annuity, in the caſe of exemptees, by the va- 


lue of the rate during the life of the contribu- 
tor. Moreover, was it thought ad viſeable to cre- 


dit the truſtees with the ſmall difcretionary pow- 


er of augmenting or diminiſhing the years of ex- 


emption, according as it ſhould be found in fact, 
that the number of annuitants or of exemptees 
exceeded or fell ſhort of the calculation, -or that 
the intereſt of money was below 4+ per cent. ; 
this plan might keep the affairs of the fcheme up- 
on ſuch an even footing, as to prevent all future 


applications to parhament for redreſs of grievan- 


ces, which cannot fail of being both expenſive 
and troubleſome ; whilſt the loſſes ſuſtained by 


bad debts or rin are effectually — a- 
| * by the law now in force. 


za, From the mpliciry of its conſtruction and 
operation. Let any one attempt to diminiſh the 
rates or avgment.the annuities, he will find more 
difficulties than poſſibly he expected, and will be 
in danger of unhinging the whole frame of the 
ſcheme. But by this plan, the annuities are paid 


in guineas, in place of as many pounds Sterling, 


and the rates remain entire as from the com- 


mencement of the fund, which {till enjoys the full 


benefit of deductions and of half-years rates out 
: 1 1 
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of anns and vacant ſtipends; lo that the affairs of the 
ſcheme, in general, proceed in their uſual courſe, 
which cannot fail of being a great advantage, in 
point of eaſe, both to the truſtees and general 
collectors. The only calculation neceſſary will be 
to determine the years of exemption; for which 
purpoſe had we a table of obſervations adapted to 
the lives of miniſters, this might be done with ac- 
curacy ; if not it may be diſcovered from fact, 
with this caution, that the number of exemptees 
will not arrive at a-maximum till about the 85th 


year of the ſcheme. Bur let none 7 to this 
plan, | | | 


72 That Tam in danger of loſing the concur- 
rence of the younger members of the church, 
who form the greater part of the ſociety. No; * 
will caſt myſelf upon their generoſity: Dr Web- 
ſter did ſo at the commencement of the ſcheme, 
and was not diſappointed. Had it not been for their 
diſintereſted conduct, the ſcheme would never 
have taken place; nor can I' ſuppoſe that, in the 
courſe of half a century, this public ſpirit ſhould 
be degenerated in the younger members of the 
ſociety. But I aſk leſs than the Doctor did; I 
only aſk an act of juſtice towards their aged bre- 
thine, whilſt the youngeſt in the church have at 
leaſt a chance of reaping the ſame benefit with the 
oldeſt, and many may there be who fulfil the 
zoth year of their miniſtry, before which they 


have no cauſe to complain, not having diſcharged 
the full value of the anni. Nor, 


2d, That this plan comes from an obſcure cor- 
ner of the church, and from an inconſiderable 


hand. 


